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PREFACE

This guide is one of a series of Software Acquisition Management (SAM)
guidebooks which have been developed under sponsorship of the Electronic Svstems
Division (ESD) of the Air Force Svstems Command. The intent of the series as a
whole is to provide guidance information, supnlementing and explaining formal
requirements set forth in official documents associated with the 800-series Air
Force regulations, to assist program office personnel in managing software
aspects of military svstem acquisitions.

Air Force management of the SAM cuidebook series is provided bv ESD's
Directorate of Computer Systems Engineering (ESD/TCI). This guidebook has been
prepared under ESD Contract No. F19628-79-C-0186 with the Svstem Development
Corporation (SDC), Santa Monica, California, through subcontract with the Plan-
ning Analysis Research Institute (PARI), which is also iocated in Santa Monica.
The principal investigator for this task is the guidebook author, Dr. Lloyd V.
Searle, of PARI. The contract manager representing SDC is Marcia C. Finfer.
Administrative guidance, review, and coordination were accomplished by the
project manager for ESD/TOI, Mr. John Mott-Smith.

The author is indebted to the following people for contributing suggestions
and materials which proved to be particularly useful during the development of
this guidebook:

® Mr. Ernest Wade, of the Aerospace Corporation, for use of materials which
he had developed previously for guidance in preparing specifications for
space systems.

e Mr. Charles 1. Silverstein, of SDC (Denver, Colorado), for comments and
suggestions pertaining to problem areas associated with the management of
commercial items in system programs.

e Mr. Robert D. Marshall, of SDC (Sunnvvale, California), for nroviding samples
of functional flow block diagrams applicable to electronic svstem information
processing functions.

The SAM guidebook series consists of individual documents which have been
issued, as they were completed, in the form of ESD technical reports. Following
is a complete list of guidebooks issued previouslv in the series, together with
their National Technical Information Service (NTIS) or Defense Documentation
Center (DDC) accession mumbers:
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ESD-TR-75-85, An Air Force Guide For Monitoring and Reporting
Software Development Status, September 75

ESD-TR-75-365, An Air Force Guide to Contracting for Software
Acquisition, January 76

ESD-TR-76-159, An Air Force Guide To Software Documentation
Requirements, June 76

ESD-TR-77-16, Software Acquisition Management Guidebook: State-
ment of Work Preparation, January 77

ESD-TR-77-22, Software Acquisition Management Guidebook: Life
Cvcle Events, February 77

ESD-TR-77-130, Software Acquisition Management Guidebook:
Software Development and Maintenance Facilities, April 77

ESD-TR-77-254, An Air Force Guide to Computer Program
Configuration Management, August 77

ESD-TR-77-255, Software Accuisition Management Guidebook:
Sottware Quality Assurance, August 77

ESD-TR-77-263, Software Acquisition Management Guidebook:
Verification, August 77

ESD-TR-77-326, Software Acquisition Management Guidebook:
Validation and Certification, August 77

ESD-TR-77-327, Software Acquisition Management Guidebook:
Software Maintenance, October 77

ESD-TR-78-117, Software Acquisition Management Guidebook:
Reviews and Audits, November 77

ESD-TR-78-129, An Air Force Guide to the Computer Program
Development Specification, November 77

I'SD-TR-78-140, Software Acquisition Management Guidebook:
Software Cost Estimation and Measurement, March 78

ESD-TR-78-141, Software Acquisition Management Guidebook:
Series (wverview, March 78

FSi-TR-78-178, Software Acquisition Management Guidebool::
Regulations, Specifications, and Standards, November 7§

DDC/NTIS

Accession No.

AD-A016488

AD-A020444

AD-A027051

AD-A035924

AD-A037115

AD-A038234

AD-A047308

AD-A047318

AD-AD48577

AD-A053039

AD-A053040

AD-A052567

AD-AQS55573

AD-A0555%4

AD-A055575

AD-A061793

.




SECTION 1.
SECTION 2.

SECTION 3.

APPENDIX A.
APPENDIX B.
APPENDIX C.
APPENDIX D.
APPENDIX E.

TABLE OF CONTENTS

INTRODUCTION . . . . . . . v v o o e e e e e e d e e e e

MODEL CONCEPTS . . . . . « . o v v v v vt e e e e e e e

2.1

[SX I V]

2
2.

Phasing Considerations - General . . . . . . . . ..
The System Engineering Process . . . . . . . . . . . . ..
Generation of the System Concept . . . . . . . . ..

2.3.1 Initial System Concept . . . . . . . . . . . . . ..
2.3.2 Operaticvnal Requirements Analysis . . . . . . . . .
2.3.3 Design Studies . . . . . . . . . .. .. .. ...

The Initial System Specification . . . . . . . . . . . ..

2.4.1 System Engineering Analysis . . . . . . . . . . ..
2.4.2 Preparation of the Specification . . . . . . . . . .

Completing the System Specification - Validation Phase

2.5.1 Plamning and Preparation . . . . . . . . . . . . ..
2.5.2 Implementation . . . . . . . . . . . .. .. . ...
2.5.2.1 System Definition . . . . . . . . . . . ..
2.5.2.72 Configuration Item Definition . . . . . . .
2.5.3 Evaluation and Decision . . . . . . . . . . . . ..

ISSUES AND PROBLEM AREAS . . . . . . . . v v v v v v v v v v w .

3.1

3.2

3.3

Sumnary of System Specification Functions . . . . . . . . .

3.1.1 Relations of Technical to Management Factors . . . .
3.1.2 Summary of Functions . . . . . . . . . . .. . ...

Trends, and Questions to be Explored . . . . . . . . . ..

3.2.1 Illustrative ProblemCase . . . . . . . . . .. ..
3.2.2 Proposed Solutions . . . . . . . . . . . .. .. ..

Program Risks . . . . . . . . . . . . . . . ... 0.

SYSTEM SPECIFICATION PREPARATION . . . . . . . . . . . .. ..

SAMPLE PARAGRAPH 3.3.8 . . . . . . . . . . . . .. .. ..

LSRR A GAIGIIRR. o i) . S

s




Figure

ILLUSTRATIONS

Page

Phasing of System Specification Development.....eoeoeeesseeasll
Generalized Ellements of the System Engineering Process...... 15
Overview of Conceptual Phase AnalySiS.eesseeseveencsceseses 24
Flow of Major Technical Tasks - Conceptual Phase ........... 26
Outline of Validation Phase - Implementation Period .......... 42
Specification Tree vueeeeeceeeecessssosssssssssonasssssncses 04
Generation Breakdown (Assembly Tree; Installation Tree)...... 54
Summary of System Specification Coverage and Functions ...... 57

Sample Arrangement of Major Equipment Items in a System
SEEMENte e s v eeoseeerososossassasosssassocsssnsssnsssssanssse 02

Content Outline for the System Specification cvoeveeeeereencees 15
Logic NotationS ecuevetoeseosrvoosceseoescsnsonsssosesasess 114
Top-T.evel Functional Flow Block Diagram.......eeuesees0000115
IPirst-Level Functional Flow Block Diagram .....cviveeees..s 118
Second-T.evel Functional Flow Block Diagram........e.e.00.. 117
Third-Il.evel Functional Flow Block Diagram......eco0eee0000 118

Fourth-Il.evel Functional Flow Block Diagram........ec0e.... 119




SECTION 1. INTRODUCTION

A general aim of the Software Acquisition Management (SAM) guidebook series
is to help promote more effective acquisition of software elements in militarv
svstems. Most of the guidebooks published to date in the series have been
devoted to selected aspects of software development and subnort, as such, in
relation to management concepts which apply in the context of system acquisition
programs. That general focus is significant, since a working knowledge of those
special concepts and nrocedures is critical to the successful acguisition of
software/computer resources in that context.

This guidebock differs from others of the series in that its tovnic relates
somewhat more directlv to the system as a whole than to a svstem's software
elements. However, interration of software with svstems is a two-wav process.
While most of the effort may be pointed properlv towards adanting ''software
management'' to the svstem program environment, there is a growing recognition
that the prominence of software--particularly in ground electronic svstems--
also has implications for management at the system level. The svstem specifica-
tion (the Tvne A specification as defined in MIL-S-83490) was chosen as the
topic of this guidebook largely because it is the designated source of basic
requirements for the system software functions and verformance, and because
many of the problems associated with software acquisition in systems have been
traceable to inadequacies in those basic requirements.

The material contained in this guidebook is addressed primarily to members
of svstem Program Offices (POs) who are responsible for software aspects of
svstem programs, and in part to personnel of supporting contractors--although
the guidebook is not intended and should not be used as a contractual document.
If improvements are to occur, those are the people who must have a common under-
standing of the system specification development and functions. At the same
+ime, 1t 1s recognized that a PN's approach to the svstem specification is con-
strained bv basic program management policies that are determined, for each
program, at or above the Program Manager level; hence, the discussions also
touch on certain areas which aprear to merit attention by those hicher-level

managers.
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The organization and content of material presented in following sections
and appendices of this guidebook are summarized below.

Section 2, Model Concepts, is devoted to a description of the system speci-
fication development process. Emphasis is placed on describing the levels and
nature of system engineering studies which are normally needed--i.e., not

necessarily typical in practice--to develop comprehensive requirements informa-
tion in areas that are significant to svstem data processing functions and
performance. One objective of this section is to outline the manner in which
the technical process can be planned and managed systematically within the
framework of program management policies and milestones established in such
current documents as AFR 800-2 and AFR 57-1. Key elements of coverage include
the following:

a. Levels of system engineering studies are described ranging from derivation
of operational requirements through functional analysis, advanced develop-

ment, and trade studies leading to svstem/system segment design.

b. Levels and objectives of the technical steps are related to: phasing of
the svstem program, from issuance of a Statement of Operational Need (SON)
through conceptual and validation phases; identified roles of Government
agencies and contractors; and key areas of the system specification content
affecting computer resources.

¢. Technically, the focus of discussion is on system engineering, which is
characterized by concern with functional analvsis and design at the syvstem
level. However, the description also identifies activities at various
stages of the overall process which require significant support bv special-
ists 1n software engineering.

Section 3, Issues and Problem Areas, identifies selected areas in which

problems have been encountered pertaining to development and uses of the
svstem specification in electronic svstem programs. This section includes
discussions of the following topics:

6
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a. Intended functions of the system specification in a model svstem progranm,

in relation to functions of other specification tvpes. In established
policy and practice, the svstem specification has some, but limited, usec
as a contractual compliance document. Basically, equipment and computer
program elements of a svstem are acquired most directly acainst lower-level

(configuration item) specifications.
P

b. Current problems associated with PO manpower and increasing prominence of

commercial components. This discussion outlines some novel uses of the
system specification which have been employed or suggested tc alleviate

difficulties being experienced 1in recent system programs.

c. Factors of risk. In general, "program risks' involve deficiencies of

either a technical or management nature, or both. This discussion suggests
that: few if any system program failures have been known to result #rom
software technical limitations as such: the serious troubles encountewed in
actual practice have typically been matters of (1) inadeguate definitions
of requirements, via syvstem engineering effort, and (2) inadequate prograr
planning and management. These factors point to a general need for wider

use of the validation phase as a device for reducing those prominent risks.

Appendix A, System Specification Preparation, is provided herein as a pre-

liminary basis for further development of guidance pertaining to preparation of
the syvstem specification in accordance with format and content instructions con-
tained in Appendix 1 of MIL-STD-490. A complete guide to interpret those
instructions comprehensively for electronic svstems is needed but is not vet
avallable. Although clearly in line with this guidebook's title and objectives,
the adequate development of such guidance will require a longer-term effort.

As a sample approach, however, Appendix A presents portions of a guide which
was prepared at The Aerospace Corporation for space svstems, together with
supplementary comments on a few of the paragraphs considered to be of particular
importance to software/computer resources. Portions covered in the sample are
confined to Section 3, Requirements, of the system specification.




Appendix B, Sample Paragraph 3.3.8, contains a sample of svstem specifica-
tion content dealing with design and construction standards for computer
programs which has been developed at ESD and proposed for general use. The
appendix includes comments by this guidebook author on suitability of the

proposed sample in relation to proper content and functions of the system speci-

fication. Overall, this paragraph deserves more careful and sparing treatment
than 1t has generally received.

Appendix C, Sample Functional Flow Block Diagrams, presents examples of
functional flow diagrams prepared for system data processing functions, based
on format/content instructions contained in DI-S-3604. These samples illus-

trate one prominent form of system engineering documentation discussed in the
preceding Section ¢ (Model Concepts), which should normally be included as a

part of the information furnished in paragraph 3.1.4 of the svstem specifica-
tion.

Appendix D and Appendix E contain lists of the source references and abbre-
viations, respectively, that are cited and used in the guidebook text.

NOTE TO READERS

Jue to widespread conflicts in accepted definitions, use of the term "soft-
ware'" has been systematically avoided in most official Air Force documents
dealing with acquisition management, for many years (viz., AFR 800-14, AFR 65-3,
MIL-5TD-485, MIL-STD-1521A). "'Computer program' does have a recognized Air
torce definition (e.g., in MIL-STD-483) which is relatively precise and much
less subject to diverse interpretations. ''Software' is used in this guidebook
because 1t is established as a part of the SAM guidebook series title. However,
readers are requested to note that its intended meaning, throughout the text
hercin, 1= exactly eauivalent to ''computer program(s)'.




[ —

SECTION 2. MODEL CONCEPTS

Alr Force pclicies and guidance for acquisition managment have long been
based on the use of a "model' svstem program as the essential reference {rame-

work for managing the development of new svstems. The model for a svster rrogran

consists basically of a predetermined scenario of management actions and events:
keved to a standard seauence of svstem life-cvcle nhases. It reflecis estab-
ii1shed relationshios and responsibilities of immlementing/narticinatine orcan’-
cations and incornorates a smectrum of associated standards and guidance ver-
talning tc objectives, procedures, and criteria affecting the prescribed actions
and events.

Actions and events identified in the model include onesx for which some
requirements are mandatorv and others ontional, in varying degrees. ‘“hile the
construction and use of such a model assumes that all svstem nrograms will have
a broad range of common characteristics, it is also recognized that every indi-
vidual program is likely tc depart from the model in some of its aspects. Howv-
ever, the important underlving principle is that of ''management by exception''--
i.e., bv having predetermined solutions for the planning and conduct of maior
parts of all programs, each Program Manager should have relatively more time and

freedom for attention to the special aspects of his individual program.

Thus, the assumption that standards must be ''tailored' to the needs of each
program is inherent in the model approach, although the widespread recent empha-
sis which has been nlaced on the tailoring activity as such has caused manv
Program Managers to lose sight of the fact that the converse is also true--in
that, the model must first be known and observed before it can be sensiblvy
tailored. Considering the comnlex spectrum of tasks invelved in manacinz the
acuaisition of any large military system, promising alternatives to the develop-
ment, continuing refinement, and use of the model approach do not exist.

This section outlines a model approach to developing the svsterm snecifica-
tion for a large electronic svstem. The approach is described with emphasis on
what should occur, in the light of demonstrated technical and manavement needs

of the nrocess, rather than what nas been necess=aril> tvpical in actual
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practice. In accordance with purposes of this guidebook, attention is focused
on early phases of the life cvcle, and on the scope and nature of technical
requirements information to be collected, analyzed, and organized as a sound
basis for initiating the full-scale development of a complex, computer-based

svstem,

2.1 Phasing Considerations - General

The model adopted for overall pnasing of the svstem specification develop-
ment 1s illustrated in Figure 2-1. This model is chosen primarily because it is
one which can provide for meeting needs of the technical process, and because it
also vermits meeting the requirements of many established standards which applv
during conceptual and validation phases of svstem programs. At the same time,
It Incorporates certain assumptions about electronic svstem programs which are
not explicitly confirmed or emphasized in current top-level policies for major
deferse systems, nor clearly exemplified in most of the actual practice. Prin-
ciple points of the diagram to be expanded upon in following sections, including

some potential points of issue, are summarized as follows:

4. Development of a lavge, digital computer-based system requires full wtili-
zation of available system engineering resources, cver the maximum available
tire epw.. Significant initial steps in the total process must be accom-
nlished during the preconceptual period, in conjunction with and following
initial identification of the operational need.

k. Alternative solutions to meeting mission needs of the operational command
are evaluated preceding and durine the concepntual phase (bv the immlementing
comand}, resulting normally in selection of a system design at the level of
svster segments/functional areas. The initial system speeificction ireiules
Fiym sustem functional, performance, and interfacc reguirements, and zllcec-

Sione of those tc tne system segmente. Otherwise, it should provide maximum

latitude for alternative design solutions, below the segment level.

¢. At that point in time--i.e., at the outset of a validation phase--the syster

10
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specification chouid exclude performance and/or desiom requirements that

depend on gquestionarle technology, either hardware or scftwarc.

d. A validation phase has not often been conducted for electronic svstems,
possiblyv because the basic hardware is not tvpicallv subiect to risks that
can be effectively reduced through such activities as hardware proofing anc
prototype demonstration. However, the tvpical problems that do occur indi-
cate that a validation phase should normally be mandatory, for the primarv
objectives of (1) accomplishing sound management planning and (2) completing
the definitions of reaquirements for the system and its configuration items

at levels that are adequate for undertaking the svstem full-scale development.

Later subsections of this section are organized to correspond individuallw
with the three periods of time indicated above in Figure 2-1. The period
labeled '""Preconceptual’” in the diagram represents the period of program initi-
ation, for which requirements governing formal documents to be prepared by the
commands and processed through Headquarters U.S. Air Force (HQ USAF) are pre-
scribped in AFR 57-1 (12 June 1979). Significant aspects of those formal require-
ments to be considered in relation to the technical program are summarized
briefly as follows:

The potential beginning of a system acquisition occurs when an operational
command identifies a need for improved capabilities to perform its operational
mission, 1n the course of on-going analyses of its ability to achieve assigned
mission objectives. Through joint analvsis and coordination with other cormands,
including AFSC, the need is documented in the form of a Statement of Operational
Need "SON) and submitted to HQ USAF for evaluation.

The SO\ evaluation stage mav include the prenaration of a  ission Element
Need Statement (MENSY by HO USAF for submittal to the Secretarv of the Air
Force if indicated bv size, scope, or other criteria which would indicate a

maior defense svsten or Air Force Designated Acquisition Program (AFDAP).

Valication of the SON or approval of the MENS constitutes the milestone zero




decision, authorizing commitment of resources. These actions are documented
in the Program ‘anagement Directive (P\IM issued by HY USAF to authorize formal
initiation of the conceptual phase.

When the SON has minor impact or involves minor risk, milestone decision
authority mav be delegated to the implementing command, through 1issuance of a
PD in which HQ USAF snecifies limiting thresholds, constraints, and objec-
tives for the program.

As submitted by the operational command, the SON itself must be confined
to documenting the need or deficiency in functional terms, without specifving
or recommending a specific solution. However: (a) it mav include an attach-
ment which identifies alternative candidate solutions; and (b) further studies
by other commands (notably, AFSC) are to be accomplished and reported during
the period of SON evaluation.

2.2 The Svstem Engineering Process

Considered very generally, system engineering is the multi-disciplinary
activity which begins with functional analysis and arrives at a total system
design, through a process which considers and evaluates a spectrum of military,
economic, and technical variables that are relevant to candidate approaches.
The process has been described more specifically as consisting of the following
principal steps:

a. The first step is to identifv the mission element need to be met by the
svstem, e.g., as stated in the SON, and translate that need and its sub-
elements into maior functions of a projected svstem. For example, if the
need relates to continental defense against a cruise missile threat, the
analysis might result in identifying such major functions as air surveil-
lance, target identification, weapons control, and battle assessment.
Insofar as possible, emphasis is maintained purely on functions without
regard to whether they will be performed by people, hardware, or softwarc.

13
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b. Each function is analyzed in relation to the projected military enviromment
to identify subfumctions and associated performance requirements. Perfor-
mance requirements are matters of speeds, capacities, accuracies, and
similar criteria which bear on the manner in which each function must be
accomplished. This step mav involve analysis and evaluation of altermative
solutions, at the functional level. It also includes the identification
of functional interactions (interfaces) with other, existing systems.

c. Alternative approaches to design of the system--i.e., in terms of its physi-

cal configuration--are identified, initiallv in terms of major subsystems
or svstem segments*, and trade studies are performed as needel to select a
preferred design solution at that level.

Those steps are not intended to be performed discretely in the sequence
outlined. Each step tvpically imposes needs to iterate earlier steps; and the
design solution tends to result from a process of successive approximations.
One 1inherent objective is to arrive at an end design which fullv reflects and
1s traceable to the basic functional and performance requirements derived from
identified needs of the military mission.

Figure 2-2 summarizes the basic process described above, and also suggests
that elements of this general functional analysis/design approach continue to
apply at each successively-lower level of design as it occurs during a system
program. Although labeled as the "'svstem' engineering process, it clearly
shifts at later stages to the levels of engineering design for which respon-
sibilities are assigned to technical specialists in the svstem hardware and

software components.

The fact that the term "design" applies at manv levelec has significant

*For Air Porce systems, this step must include the applicatien of acquisition
management as well as< technical criteria. TIn this context, the terms "'sub-
system', ''svstem segment’', and '"functional area' are generallv equivalent,
with the exception that instructions provided in Appendix II1 of MIL-STD-483
mav apply in special cases.
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BASIC SYSTEM ENGINEERING PROCESS - SYSTEM LEVEL:

e [DENTIFY SYSTEM FUNCTIONS

v

® EXPAND SYS FUNCTIONS &
DEFINE PERF/DESIGN RGMTS,

e PERFORM TRADE STUDIES &
ALLOCATE FUNCTIONS
TO
SYSTEM SEGMENTS

LEVELS OF ANALYSIS & DESIGN:

- - - - SYSTEM
- - - = SEGMENT
- - - - c1/cpcI

= = = = COMPONENT

Figure 2-2. Generalized Elements of the Svstem Encineering Process.
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management implications, as well as technical, throughout the course of a
svstem acquisition. Generally, acquisition responsibilities are assigned to
Dol components, commands, agencies, contractors, and their organicational
units at identified levels of svstem or configuration item design. Management
techniaues are associated with organizational responsiblities at all levels,
which depend upon the technical design solutions and at the same time impose
constraints on the design process. Those tend to be most visible in the forr
of policies that each svstem segment and configuration item must be defined in
such a way that responsibilities for its development can be assigned to a
single contractor/agency, and of subsequent requirements>to maintain traceable

interrelations of technical products with such management instruments as state-

ments of work, specification trees, organization charts, and work breakdown
Structures.

The relevant point for purposes of this discussion, however, is that the
verv first design decision which occurs to initiate that whole general pattern
is the one which identifies the new system itself. While that decision is
closelv linked with the analvsis of mission needs for which an operational
command is primarilv responsible, it is neither a direct result nor a direct
purpose of the mission analvsis as such. Rather, it should normally be a
result of associated svstem engineering efforts, preferatly carried out bv
activities which can provide continuity with later efforts by the implementing
command to develop the svstem specification. The descripticn of early activi-

ties provided in the following section is based on this general premise.
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.2 Generation of the Svstem Concept

This description outlines the nature of preliminary technical tasks which
should be accomnlished prior to the beginning of formal specification prepa-
ration. The specific technical steps, and the total time svan over which
nreliminary studies should occur, are subiect to wide variations for different
svstems. Hence, emphasis in this description 15 placed on levels of design
decisions and tvpes of related technical information which should resuit from

these earlv studies, rather than on a fixed flow of events.

For an electronic (information processing) svstem, the first and maior
obiective of this period as a whole is to arrive at a firm definition of the
svstem concept. Associated objectives are to acguire and document information
pertaining to svstem requirements, design aporoaches, and constralnts, initi-
ating the essential base of background technical data which will be needed

for continued use and expansion at later stages.

2.5.1 Initial System Concept

Not all SONs are subiject to solution by new svstem developments. When
thev are, however, the initial concept for a new svstem is likelv to be
related to the mission analvsis activities which led tc identifving the
operational need or deficiency. Such factors as obsolescent technology,
opportunities to exploit new technologv, and known changes in the threat
environment have often pointed alreadv to the general nature of a possible
new svstem by the time they are reflected in statements of need for improved
operational capabilities. A new or modified computer-based svstem is clearlwv
suggested, for example, by the identified inabilityv of a command to handle
information processing and communications functions associated with a new

surveillance technique, weapon, threat, or area of militarv operations.
While associated information about the svstem functions and probable

design characteristics mav be fairly extensive at the outset in some cases,
the initial svstem concept is rarely adequate as a basis for starting the
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svetem program. However, the concept of a system, as such, is an indispensablc
starting point and guide for the further studies outlined below. In the course
of further examination, the initial concept may be confirmed and refined,
altered, or perhaps abandoned in favor of alternative solutions to the opera-

tional need.

2.3.2 Operational Requirements Analvsis

Expressed in summary terms, purposes of operational requirements analvsis
are to identifv elements and subelements of the operational command mission
which the projected svstem is intended to support, trarslate those into svstem
functions, and identify performance requirements associated with the functionms.
"Requirements'" refers here to functional and performance characteristics of the
nrojected svstem, as distinguished from '"needs” which refer more directlyv to
the command mission. Except for that differvence in orientation, this first-
level svstem analvsis activity is necessarilyv carried out in close coordination

with, and with continuing active participation hv, the operational command.

(nce designed, it may be assumed that the electronic svstem will consist
of such elements as digital computing and communications equipment, computer
programs, personnel, facilities, and possibly sensors or vehicles. In the
operational analvsis activity as such, however, the focus is on the scope and
nature of mission elements, relevant factors of the operational environment,
and devived requirements for data outputs, inputs, and processing. It is not
normally practical to exclude design considerations altogether, particularly
in view of the fact that this level of analvsis must be iterated and refined
at later stages of the system program. ilowever, thev should not be permitted
te divert attention from the mainline purnose of identifving and defining
functional requirements in the operational context, since those will become
the working criteria against which desipn alternatives are selected and

ealuated.

Methods and arcas of emphasis for carly stages of the analvsis necessarily

var as a function of the nature and complexity of the mission elements
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involved, levels of information already acquired bv the operational cormand
organization, and similar factors affecting the degree to which an initial
svstem concept is related to firmly prescribed mission tasks. Successive
iterations 1n some aspects of the activities outlined below will be reauired
as the program moves into later stages to arrive at the comprehensive defini-
tions of operational requirements which will be needed before the svstem

specification can eventuallv be completed.

a. The initial task is to translate mission elements into identified functions
of the projected svstem. Generally, this translation consists of identi-
fving operational processes necessarv to accomplish the assigned militarv
responsibilities and objectives:; and it often involves significant atten-
tion to delineating the svstem mission scope, as well as its nature. In

some cases, answers to auestions in this area mav be clearlv indicated in

the SON. In others, substantial effort mav be needed to explore relations

of the identified need or deficiency to a viable system concept. Occa-

sionally, circumstances may point to the advisability of identifving a

limited set of functions to be further defined for the given svstem

program, reserving others for longer-range planning. However, to provide
a sound basis for the system program at hand, an essential objective of
this activity is to arrive at a definition of the svstem's maior functions

in terms of both their focus and clearlyv-delineated boundaries.

b. The functions of an electronic system are characteristicallv functions of

data processing. Effectiveness of the svstem as a device to suppert A

military mission will eventually be assessed in terms of its abilitv to
nrovide data (or information) outputs which meet criteria in such areas ’
as accuracy, timeliness, and sufficiency. Thus, the technical content }
of the analysis should consist in large part of identifving the required !
data outputs, then tracing the manner in which those outputs can be gener-

ated through processing operations performed on available svstem inputs.

For early purposes--i.e., of defining the svstem concept at levels ade-

quate for initiating a scheduled acquisition program--information about

types of inputs, processing operations, outputs, and associated performance




requirements should be acquired and documented at the relativelv gross
level of major svstem functions. These major functions are often identi-
fied to correspond with areas of the assigmed military mission (e.g.,
Operational Planning, Weapons Control, Strike Effect Evaluation). To
supnort continuation of the svstem nrogram, however, this effort must alsc
include the svstematic collection and documentation of information in the

related areas outlined below.

The documentation of detailed oberational reauirements at lower levels
should be initiated as early as possible, and expanded as rapidly as
events and available manpower will permit. Eventuallv--preferably before
the end of the validation vhase--nrecise and detailed definitions will be
needed for every single type of data innut, processing overation, and data
output. Inadequacies in this area are a chronic nroblem, due to the
tvpically massive quantities of that information. While there are auto-
mated techniques that can assist in some of its aspects, the basic task
of identifving and verifving user requirements associated with each and
everv data item is inescapablv manual. As a rule, the collection of
nroperlv-documented data item reguirements for a large fixed data base,
and for external message interfaces with other existing systems, should

be weli under wav by the time the SON is validated.

As indicated above, the overational requirements analvsis is primarily
concerned with functions and performance. However, design considerations
cannot be excluded altogether, since they inevitably influence the nature
and form of maior functions chosen for analysis, even at the system level.
“Mator design constraints are often imposed explicitly bv policy, or
imrlicitly by obvious considerations of technology or expense; functions
as such will be defined and carefullv analvzed only when there are reason-

able ¢rounds to believe thev can be implemented. llence, a base of desigm

Jdncumentation should be initiated at the outset which can be progressively

cxpanded and refined during the course of later activities. At each
<tave, it should identify known desigm constraints, design alternatives,
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and identified questions of feasibilitv deserving further studv. At
carly stages, particular attention is needed to identifving «1: design
assumtions, where thev mav affect the functional analvsic, and (2,
needs for special research or feasibility studies which reaquire long

lead times to Vvield usable results.

2.3.3 Design Studies

Current policies for maior defense system acquisition recognize the need
tor desien studies during the preconceptual period for nurnmoses of identifving
and assessing alternative solutions to design of the system as a whole. AFR
57-1 assigns responsibilities, jointly to AFSC, AFLC, AFCC, and ATC, to iden-
tify constraints that limit alternative solutions and compare candidate
alternatives with respect to technical and other factors< of feasibility. In
coniunction with these activities, AFSC must also prepare a nrogram management

plan for the succeeding phases.

Major alternatives for electronic svstems tend to be matters of aecsign in
such areas as command organizational structure, geography or deployment, com-
munications, and data processing technologies. Where significant questions
exist, special studies mav be indicated to assess alternatives with respect
to relative effectiveness, technical feasibilitv, costs, development times, and
support factors. The particular nature and emphasis of these studies should
generally be dictated by design requirements derived from the preceding analv-
sis of functions for the given svstem. Just how far the svstem desipgn should
have progressed bv the end of this period is a question to be resolved in the

light of such considerations as the following:

a. The svstem configuration--and each realistic alternative, if anv exist--
must be determined at a level which is adeauate for program manapgement
plannine purmoses. Lstimates of feasibility, costs, procurement anproach,
anc¢ schedules should be based on rroiected svstem support, including

training and training equipment, as well as svstem operational functions,

Y. in accordance with g¢enerul Air Force policy, unnecessary limitations to
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subsequent design solutions bv competing sources must be avoided. This
nolicy is most clearly pertinent to design in the areas of svstem hard-

ware and software components.

However, questions of system configuration which require long lead-times
for their solution, or which must be resolved primarily through inter-command
efforts and decisions, should be firmlv resolved befeore the next vhase begins.
such questions tend to be characteristic of electronic systems. As one example,
extensive studies and coordination were needed over a lengthy period to arrive
at a viable gross configuration for an air defense svstem in terms of numbers
and locatlons of direction centers, taking into account interactive relation-
shins with surveillance radar locations, command centers, air bases, communica-
tions, and command organizational units. Decisions &t that level, which
establish a known framework of major varameters and boundaries for the svstem,
are venerallv essential as a basis for delimiting the potential scope and
emphasis of svsten engineering/infermation processing analyses at later

stages.




_—

2.4 The Initial Svstem Specification

The Program Management Directive (PMDY) issued by B7 H-AT te initiate the
conceptual phase includes directions for funding, schedules, apnroval actions,
and program manugement objectives which are tailored to each program. The
description provided in this section assumes that the recognized primary tech-
nical objective of this phase, for a maior electronic svstem, is to develep an

adequate 1nitial system specification.

The system program is managed during this phase by the Program Office (PO
established by AFSC in response to the PMD. The PO is the desigmated central
office having Air Force responsibility for planning and management of the
program as a whole, including contracting, logistic supnort, program control,
and related support management areas as well as engineering. Participation
by other commands and Government agencies is provided through represertation
in the PO organization. The actual conduct of continued studies in the techni-
cal (engineering: area 1s carried out with additional support by personncl »f
AFSC laboratories, a Federal Contract Research Center, or svstem engineering

contractors.

2.4.1 System Engineering Analysis

Maior types of activity involved in the process of developing information
te be nrovided in (or with) the svstem specification are cutlined in Figure
2-3. Although the activities are highly interactive, as the figure suggests,
the effort as a whole should be planned and structured to emphasize the
immediate goal of vielding information in the manv categories, and at the
levels, which the 1nitial svstem specification requires. Once the conceptual
phase formally begins, the enl products of these efforts must generally be
accomplished on a time schedule which is relativelv short and fixed, as
compared with the precedir period. However, demands to maintain flexibilitv
are inherent in the svsterm engineering process. To the degree feasible,
efforts should be planne! and managed to provide for repetitions, expansion,
or redirection as indicated bv actual progress and results.

(A%
(9%}




[CHIAOMUO) JO MITALOAY "y -7

TsisajrRUy ISty

NRITE I

NOLLVOLEDHAS WELLSAS

SHIUNLS avidl
WO RER 8 SNOLHTTOS
HALLVNELLIV. AGLINRTD

UufiIeAajioy e

-— JIURUIJU] LY

159],

ST CRIELI
9 IVNOLLNIED

— VAR SOY
ATIYIA Y GLLVYDILINT
3 J —— — —_— — — —
SLHOY LSAL WALSAS [~ " - T - - -
SA1LITOVA | '
INARA LD Luoddns v s e o e
s _ SINALYIS WIISAS Ol
d | XTI Q : g ' /
SHVEO0Ud 84 LIWOD ALVIOTIV B SNOJLONILL IZA TVNY
LNANG 1 N0d 4ALNIHOD _
Ldbd TOALNOD/AVIAS LA _ 4
SNOLLVO LNIBRNOD |
m.u_:o_wsmu..; cz?ﬁu@f e+ <saporinady
. ,._.v<= <”_.<: .J..._.hv>v ] £530an08 ‘Buiufl ‘sawnfop e
vzc_._wz.:. ON1SSHI0Ud || osea eava <sandang *sindug e
z:_.__,_tzfz: :z.<zr._co [enuen § palewo Ny -
,vzc_._.uz:.,_ WALSAS ! suogioung 3upssadory ovjup e
SLNDY NOISSIH WALSAS |
NOT1VJI4123dS |
WILSAS | - = — - — — — — — = — — —
IVILINI

ALVHE TIVHLAHONOD

suouy jeadg
eaap-duy

NHISAS dOTEA |

!

NIJSHA 21l TVENY
INLAAANTDNT WNALDSAY
A LdAdHDG AV LLEND

BRIEX)
WRLEXREY

N

{

UAULNBAN SV LHOINS HOLIVHING,) ]

24

_ e e 5 v




A

Figure -4 identifies a sequence of major tasks and loyical steps involved
in the process represented in the preceding figure. Narratives below arc
keved to block numbers shown for the steps. (n the whole, this descripion
is limited to a summary of the "mainline" process; the full scope of activi-

ties in a given actual case is clearly much more complex.

TASAN 1 - FUNCTUTONAL ANALYSIS

The obiective of this task is to collect, organize, and analvze informa-
tion about system operational functions which will provide fa) direct innuts
to system definition and performance characteristics portions of the svstem
snecificatiorn and “by the functional requirements basis for further studv of

surport functions and requirements/constraints for svstem desig..

Block J.1 C(Collect and Nrganize Technical Data. An essential early sten is 1o

establish a data bank of existing information about the svsten. This activity
should begin by compiling, reviewing, and assessing the source documentatior
resulting from the preconceptual period studies. Centralized files should be
organized to provide for continuing access and expansions as the analvsis

proceeds.

Block 1.2 Develop Functional Flow Diagrams. This activity is based on operu-

tional recuirements and gross svstem design decisions resulting from earlier
studies: It includes additional studies to expand that information as necessarv
tc ensure its completeness and accuracy with respect to militarv objectives,
constraints, and the operational environment. The activity consists of devel-
oping functional flows and systematically documenting those in forms suitable
for use in subsequent steps of the analvsis.* Initiallyv, svstem reauirements
are translated into one top-level diagram which identifies the c¢ross mission

orerations tocether with test, production. deplovment, and support functions.

*While functional flow diagram formats are optional, clear and consistent
rules for a selected approach should be established at the outset of each
project. For purposes of this description, thev are assumed to he develoned
in accordance with rules and widelv-established uses of the diagrams as
avtlined in DT-S-5604.
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At this stage, {lows should be further developed for thc mission foperational:

functions at the first and second levels, at a minimum, and at lower levele for

selected subfunctions as needed.

Block 1.3 Initiate Requirements Allocations. The svetematic allocation of

reauirements te svstem segments 1s 1nitiated at this stage to provide a bas:i-
{or subsequent <tudies of design alternatives at lower levels. Svsten seomente
isubsvstems, or runctional areas) are likely to have been identified in & pre-
liminary wav at earlier points in time; but their verification and precise
delineation is a nrogressive process which will not be fullv completel until

the end ¢f the validation phase.

This step should include reviewing and assessing one or more propesed
breakdowns of the system into segments for soundness in the licht of availuble
criteria. Fach segment 1s a major part of the system which (a) is character-
ized as a technicallv-consistent grouping of svstem elements designed to perierm,
assigned portions of the svstem functions, and (b represents an area of devel-
opmental responsibility which must be assigned to a single contracter or Coverii-
ment agency.* This allocation activity itself serves to verify or alter the
preliminary identification of svstem segments, in that a sound breakout should
permit «ll requirements to be grecisely allocated without creating com:lex

interfaces among the segments.

The allocation process begins with svstem functions identified in the
preceding step. It consists of assigning the functions, subfunctions, and
performance requirements to the segments in such a wav as to identify technical
design criteria which will apply te specifving combinations of equipment, per-
sonnel, and facilities needed to perform each function. Svstematic documenta-
tion is a fundamental necessitv, duc to the sheer volumes of information
invclved as the process continues during this and subsequent tasks. Tipes of
svetem engineerine documents which should be generated bv this activitv--and
controlled during later expansions--are exemplified bv the Requirements Allo-

cations Sheets and Schematic Block Diagrams described in DI-S8-3605 and -3607,

*This is not to say that each segment must be assigned to a separate contrac-
tor/agency. All requirements mav he assigned to a single contractor; however,
the breakout stil! serves significant nurposes of manacement visibility and
control for hoth the Air Force and prime contractor.
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1ock 1.4 Evaluate Requirements for Automation. This activity consists of

-

analvzing performance/design requirements and constraints associated with
svster information processing functions {or man/machine allocations. Syvster
mputs and outputs are examined with respect to such characteristics as sources,
frequencies, volumes, formats, contents, securitv, timing, accuracy, and asse-
ciated 1mplications for the involvement of system personnel in their generation
or rrocessing. Decisions are based on evaluating functions and requirements in
the licht of such factors as technical feasibility, costs, timing, and inherent
needs for on-the-spot judgment or intervention. This analvsis should proceed

to the point of allocating functions among the following three categories:

a. lanual - essential decislon-making, coordination, analysis, or control
functions to be performed bv command or staff personnel which do not

imply direct interaction with system input or displav equipment.

. Automatec¢ - functions performed by eauipment wichout manual intervention.

<. an-Machine - functions performed primarilv bv personnel, but involving
direct interaction with automated svstem functions/subfunctions through

manual input and display devices.

“his stey as a whole should be accomplished comprehensively for the svstem
operational (mission) functions and for major support finctions derived from
the known operational requirements--for example, functions of simulation, data
recording, and data reduction involved in svstem test and evaluation or train-
ing. Although intormation about support functions is likelvy to be variable,
narticular effort should be taken to ensure that ¢eneral requirements are
ldentified that will affect the scope of needs for svstem personnel, hardware,

A osotftware.

Ghe sienificant initial result of this activity is to arrive at a first-
reve]l separation of svsten functions assigned to the two major classes of
elements which pertorm data nrocessing operations in an electronic svstem--
namelv, nersonnel, on the one hand, and a set of automatic Jdata processing

(hardware/software: elements on the other. In the case of nersonnel, this and
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later steps are directed towards (a) identifving the types, levcls, and gen-
eral characteristics of command and staff positions required to perform the
identified manual and man-machine tasks, including impact on training needs anc
the operational command organization, and (b) formulating human factors engi-
neering requirements to be imposed on the system data processing hardware,

software, communications, and facilities.

i¢ regards automated elements, the emphasis at this stage is on collecting
and detailing reguirements for information processing functions which will be
further allocated eventually as between digital computing/cormmunications
hardware and computer programs. Immediate objectives are to identify and
catalog those automated functions and derived perfcimance requirements,
encompassing both the purely automated functions and those associated with

manual inputs and displays.

Block 1.5 Organize Requirements for Software. A final step in this task is

to integrate and organize data resulting from the preceding steps, and to
translate the aggregation of those requirements into criteria for svstem com-
puter programs. The process of integrating operational and support require-
ments must include their evaluation with respect to such characteristics as:
adeguacy in meeting mission needs of the onerational command: environmental and
organizational contingencies; functional interfaces with external svstems/
organizations; gencration, content, and uses of fixed data bases; and major
factors of loads, volumes of data, response times, growth potential, and
security.

The integrated requirements for automated functions are analvzed initially
to arrive at an overall assessment of the system softwarc characteristics.
During later steps, hardware and software trade-offs will be examined; and
<till later (during the validation phase), firmly-identified characteristics
of the computer hardware will become a prerequisite to the identification of
computer program configuration items (CPCIs) and the initiation of their
development specifications. At earlier phases of an electronic svstem program,
however, software is the "'lead item" unon whose characteristics the determination

of requirements for the system data processing hardware must be based.
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In the svstem svecification, software requirements will continue to be
expressed nredominantlv in terms of functions and verformance--and, 1n terms
of functions and performance that will continue to be shared with computer
hardwarc. The speczification of software ''design', as such, at the svstem
soecification ievel is limited to (a) general design reguirements/constraints

2.... Jesign standards cited in paragranh 3.3.8) and (b) the structuring of

hitware elements into CPCIs fto he accommiished during the validation phase’.
honever, further examination of software decign approaches should be

wivded as an oamnctant part of suhseduent steps at this stace, in order to:

verise feasititite and comnleteness of the reguirements; identify and assess

rate-sf-the-nit techniaues as they wo.piv to velevant functions--e.g., data

~nt, tiwe-sharine, rarvallel processing, communications, data

cow comtrol: and furnish essential criteria to assist in determining require-

it 1ot the desien of data nrocessing hardware.

2 IWSIGN TRADE STUDIES

This task concists of a series of svstematic analvses to assess the
alvantaces and disadvantages {trade-offs) of system data precessing design
“iternatives with respect to both hardware and software. The purpose is to
sonstruct a rational set of desion concents--i.e., a {=asible svstem configura-
tion--a- o workine hac<is for subsequent integration of svstem requirements
information Jduring the conduct of Task 3. By this stage. it is assumed that
maioT parameters of the system configuration have been established through
neio, Cherisions, peimitting taese studies to focus on a relatively finite

e of Jdesign alternatives.  In each case, the identification of significant
alternatives to examine iz s matter of technical iudgment based on knowledge

¢ the sivoen svetem requirvements and constraints. Lven with theose limitations,
it fe pet permally necessary or nractical to analvze all possible alternatives
c-haustivelv, The ohiective is to interrelate a set of realistic design
cointions with svatem requirements in sufficient depth to assure that the
reciirements witl remain valid during the course of later design trade studies

AT iower lovels,
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Plock 2.1 Techniques and Criteria. A first step in this tash is to rrovide

working tools for the analvsis activities. Technigues and criteria to be
emploved in conducting the analvses should he established at the outset in

such areas as the following:

a. Analvsis techniques for assessing design alternatives, includine format

and content of trade studv summaries.

b. Functional and design requirements for specific trade studies.

¢. Established constraints--e.g., with respect to facilities, power, envir-

onment, communications, mannower.
d. Evaluatlon criteria with respect to critical desigen objectives (loads,
timing), sccondary characteristics of eouipment (the " ilivies"y, and

computer programming feasibility factors.

Plock 2.2 1ldentify Candidate Alternatives. This activity involves the exer-

cise of engineering/data processing judgment based on knowledce of hardware
and software design approaches that are pertinent to the svstem. It is
important that analvsts be aware of the range of applicable technolocy during
the time frame of the svstem program, able to identify the areas in which
significant auestions exist, and prepared to assess candidate sclutions obiec-
tivelv. The activity consists of constructing an approach to the ''svstem
architecture' and, at this step, ildentifying alternmatives--involving computer
hardware, consoles/terminals, communications, and/or software--which merit
further svstematic comparison with respect to performance and factors of
feasibilitv. As the task progresses, additional or related alternatives mav
be identified. However, the analvsis as a whole will tend to be fruitful to

the degree that the ''right questions' are formulated at the outset.

Llock 2.3 Perform Trade Studies. A trade study consists of comparing twe or

more candidate designs with resmect te all of the characteristics which are
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irmortant to the intended application. Characteristics to be considered

include not only the identified performance requirements but also factors of
cost, avallability and/or development times, operability, maintainability,
growth potential, safety, impact on interfacing or support elements of the
svstem, and flexibiiity with respect to lower-level design solutions. Occa-
ci1onally, certain performance aspects may be subject to analysis through
simulations or mathematical modeling. Generallv, however, the analysis con-
sists basically of examining the advantaces and disadvantaces of each candidate,
rating the candidates with respect to each relevant characteristic (including
experiencel, and arriving at an overall assessment based on the complete set

of comparisons.

Plock 2.4 Prepare Trade Study Reports. Each study performed in the preceding

step should be documented, preferably in a sumary form similar to the Design

L

vade Study Renort described in D1-S-3606, Backup data should be included
where 1ndicated to clarify the selection of alternatives, evaluation criteria,
and identified questions or points of importance to be further investigated

and reported by competing contractors during the validation phase.

TASK 7 - INTEGRATE AND DOCUMENT SYSTEM RENUIREMENTS

The function ot this task is to analvze information available from pre-
ceding studies and document system requirements in forms which will be directly
useful in preparing the system specification and associated program plans.
Products should consist of (a) an organized collection of system technical data
and ") a3 report or scries of reports containing summaries of the studies
accomplished, tnputs to nrogram planning documents, and comprehensive recom-

mendations f{or content of the initial svstem specification.

blovk *.1 Svstem Requirements Descriptions. This step consists of compiling

orvanized descriptions of information and requirements to be covered in Section
S al the svetem specification. It involves reviewing information derived from
precedinge tasks, assessing it for completeness, and augmenting it by further
anaivsiz as pecessary te provide recommendations covering {av functional,

nerformonce, interface, and design requirements Yor the svstem as a whole

i
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and (b) allocations of the requirements to firmlv-identified svstem segments.
Descriptions in the significant areas listed below should be supported by
fimctional flows, schematic block diagrams, and other svstem engineering

documentation relevant to each area:

a. Svstem definition. Descriptive material defining the svstem as a wholc
should he provided, covering mission objectives and constraints, integra-
tion with other svstems/capabilities, operational and maintenance concepts,
characteristics of the threat, and other aspects of the mission affecting

design requirements for the svstem.

b. Interfaces with other svstems. For an electronic svstem, inter-svstenm
interfaces are matters of communications, relating to both (11 character-
istics of automatic data and/or veoice comminications media (hardware/soft-

ware) and (2) messages, to be outnut and rgceived by the given svster.

All of those must be identified at this stage and also defined, at least
ir functional terms, at levels sufficient fo delimit their scope and

nature. However, a considerable portion of this effort is likelv to be

spent in searching, compiling, and organizine data (or references to
available sources) in the form of detailed definitions which alreadv exist
for interfaces with external svstems and organizations--often at the level
of message tpes, formats/contents, frequencies, and volumes, tocether
with known characteristics of the communications links. Those constitute
predetermined constraints for the new or modified svstem which should be
identified comprehensivelv in advance and made visible in the initial

svstem specification.

c¢. Command organization. The command organization should be described in
terms of levels of command, mission resmonsibilities of identified orga- e
nizational elements, and functions to be nerformed by those elements at
specified omerating locations. It should include a »reliminarv ectimate
of types and numbers of personnel required for svstem operation and sup-
port, taking into account the projected locations, normal and emercency

operating modes, and planned dutv cvcles,




Jd.

Svster verformance. This descrintion should include coverage of: iden-
tified modes and phases of svstem oneration; nerformance recuirements for
the svstem as a whole; and performance requirements for identified syvstem
functions and subfunctions. Performance requirements for the system as a
whole normally relate to total svstem capacities and/or response times--
e.g., total capacity for handline target tracks or simultaneous intercepts;
minimun times to accomplish threat identification and warning or other
action. Descriptions of information processing functions should emphasize
coverage of operational and support functions at the higher levels--i.e.,
those identified in first- and second-level functional flow diagrams --but
should also extend to lower levels tc the degree indicated in each area

bv verified onerational needs or desien constraints. Each function/-ab-
function 1s described in terms of identified function inputs, outputs, and
nrocessing onerations, together with associated performance requirements.
At this stage, o larce bodv of detailed data should exist nertaining to
the innuts and outnuts, in particular, organized in a form that can be
referenced here and made available for later uses. If the svstem involves
a larvce data base, the description should include identification of the
data categories and tvres, estimated sizes of files, references to exist-
ine data definitions, and requirements/resnonsibilities for data collection

and maintenance.

Allocations to svstem segments. A significant nart ot the final revort
~hould be devoted to the grouping of performance, design, and interface
requirements into svstem segments. The segments are identified bv titles

and defined, hasically, by their allocated functions and recuirements.

AL fanctions and performance requirements (see d above) should be accounted

for, includins total svstem requirements which are apnortioned between two

or more seyments. At the performance level, allocations should be sumorted

hv schematic block diacrams (first-level) in which functions assigned to the

semmients are traceable to the svstem functional flows and the nature of

functional interfaces is clearlv identified. Interface reauirements imposed

on cach semment include both functional interfaces that are identified and

Jdedined with other seements and external svstenm interfaces, as allocated.
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The orimarm {unctions being allocated are ones which will be nerformed!
through the combined operation of command nersonnel and commuter nrozraTe,
overating in the context of general-nurpose dicital computing eauinment,

- N, . . : . :
disnlav/manual innut devices, and communications links. Analvses nerioried

during rreceding tasks will have extended the <vstem segment allocations ‘¢

the noint oY identifving further reaulrements and constraints [or scement
desien with resmect to those elements. The description »rovided here
should include o fiill account of those extended results, tocetner with
reccimendat ions for the levels of design reauirements to be imosed on cach
segment. Pecommended and limiting characteristics should be identified in

such areas as the following:

--General logical and physical eauipment configuration and geograniic

locations.

--Lstimated numbers and nrocessing characteristics of comnuters--speeds,

camacitles, word structure, or other design constraints.

--Estimated numbers, tvpes, and capacities of peripheral devices and
requirements for special synthetic signal/message cencrating or inter-

face cauipment.

--Nwrbers, capacities, and tvpes of operator consoles, terminals, or
snecial =imulation consoles, together with innut/control and displav
recuirements; requirements for special displavs fe.c., large walli or

hardcony printers.
--Recormended <tructure and charucteristics of mission/onerational and

SUNPOTT ZomMuter nrocrars--e.o., lancuace forms, data bhase manucerent,

oneratings svetem, sirulation/data reduction, maintenance’/diagnostics,
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Riock .2 Inputs to Program Plans. [muring the course of the three svstem
1 OF] .

cngineering tasks outlined above, the Program Office has also been responsible
for preparing, coordinating, and integrating appropriate planning documents

to suppor* the milestone | decision. The Program Management Plan (PMP)
includes o prominent section (Section 4, System Engineering and Configuration
Manapement which should be based on information derived primarily from the
technucnt effort. Other sections of the PMP and other plans are the primary
reshonsitility of particlpating commards and such other elements of the PC

as procurement, procram control, and logistic support. However, most of those
other plans depend heavily on inputs from the technical program to be accurate
and adequate. Hence, in parallel and integrated with the conceptual phase
avstem cenglneering analvsis, significant engineering management efforts should
nave been accomplished to support the development of planning information in

|uch dreas as:

--Program Costs

--Master Program Schedule

--Statement of Work

--Preliminary work Preakdown Structure
--Determination and Findings (DEF)
--Advanced I'rocurement T'lan

--Source Selection Pian

--Real Propertv Facilities Plan

rre
-

est and bvaiuation Master Plan (TRMPS
--intecrated Loglstics Support DPlan
--Computer Kesources Integrated Support Plan (CRISP)

svetem Operational Concept

—.=.. Prepuration of the Specification

The sveter spec:fication should be preoared before the end of the concen-
tudl nhase, anitiallvoin draft form for review and coordination bv partici-

patine commani-. bollowine coordination, it is submitted to bigher

St




headquarters as a part of the documenta*ion packace regurred Yoroevaluations

leading tc the milestone 1 decision.

The preparation process inveolves translating the technical informitaon
described above intc carefullv-formulated statements of svstem requivements
viich comply with format/content instructions of MI[-STD-440, Appendix i,
ohserving supplementary instructions provided in Appendix [i]1 of ML <7 Jur

TISAF. to the degree that these apvly to the f:ven progran at this <t o

a. The Jecision mav be made to write the specification in the forr of onc

ceneral volume and a separate volume for each svstem secment. [n this
case, the format should follow instructions in paragraph S(.C ¢t MIL-2T0-
<85

h. Content instructions provided in MIL-STDs 490 and 483 ipara. 30,3 arc

for the fullv-completed specification. At this stace, sien:ficant deci-
sions to be made relate tc the appropriate Jegrees of incompletencss as
which requirements cheuld be specified in certain areas. In ceneral,
complete and definitive reuuirements should be specified in most areas
which pertain to svstem definition, design standards, and other churac-
teristics of the svstem as 2 whcole (i.e., covered in paragraphs .1 through
=.t of the specification'. However, reauirements 1in varagraph 5.7 . Func-
+ional Area Characteristics} and 53.1.4 (Svstem Diarrams), in particular,
must be carefully formulated to (1) include all performance/interface
requirements and design constraints which have been {irmly established
and verified at this time, but (2 permit maximum latitude for further
analvsis and hardware/scftware design solutions bv competing source s
Jurine the validation phase.




-.5 (omleting the Svstem Specificatior - Validation Phase

“ior voals of the validation phase are to expand and refine the system
srecification, establish firm performance smecifications for configuration items
which meet svetem requirements, and »romote the accomplishment of commrehensive
contractor planning for svster develomment which is realistically consistent

with o reduced procrar risks,*

The technical voudies of »rincipal interest te the process of expanding
ane comrieting the svstem specification during a validation phase are those con-
docted b ocontractors. However, the responsible Program Office must olan and
manace this phase 22 a whole to encommass a total of three successive time

neriods:

-, e VAT THHAT AN PHASE - - —
i
PLANNINS IMPLEMENTAT ION EVALLATION
e Bplate Troeram Planc o Perfnarm Analvcis/Design Studien s rvajuate Contractor Froducte
e Pyepare A lasue RFD e Evpand Gvetem Speciticatior e Updatc Svster Spocification
e filet urees o Preopare Ttem Ferfarmance Spece e ftpdate Program Mans
e fvar? Contrarte J s Prepare Planc & Schedules e Prepare for Mileztene 17

Tlanang s oaccomiidsaed during an inivial reriod following the milestone ]
wouteaon. Siemiticant o ffort is required to nrepare program planning docu-
monte, st the Request for Proposal (RFMY package, select sources, and

Swarce Contracta,

v Tmiementation ie o accomnlished by othe selectea contractor(s).

Dvaduation cons ists of assessine the results of contractor efforts, updating

A expandine nrogram nlans, and preparine documentition reauired for the

v tone oL decisan,

ey Tped beonsaons of mior and sabsaidiay obcectives for the validation
S are o orovides an AP SCE S00-5 (Charter 31oand AFSCE Gov-¢ i Chanter o

<o absc 2% hercein fer oo turther Jdiscu<sion of risks encountered in clectrenic
SAETOR nroeTams,
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2.5.1 PTlanning and reparation

Muring this first period, the initial svstem specification orenared during
*he conceptual phase 1 reviewed and revised as necessary to reflect additional
information o- :hanres resulting from the milestone I cvaluations and decision-.

The svstem specification will begin durine the next period to nerform Its .

-

nificant role as the nrimary document coverning technical objectives {or the
systor procrarm.  After being established at this time by the PO'c contiguration
control hoard (CCRY as the functional bascline, no further changes mav occur
except through Tormal processing and arproval cof engineering chanee pronosal:
{FCP=y.  Exvansions te be provided later by the validation phase contractors
ave included arong ''change<” which requite that formal processing.  llowever,
effort should be made at this time tc minirize tne likelihood that those will
need to include changes to the basic requirement:: 1t 1s to he honed that thev
can be limited to expansions involving further definition of svstem desim ity

respect to hardware/software configurations within the svstem segments.

Fvaluation of the svstem specification for adequacvy should be supported
activelv bv the operational command, as well as by such other available exper-
tise that can be brought to bear bv the Program Office, nrior to issuing the
validation phase RFP. Lxpressed simply, the immortant judgment to be reuchel
is whether the nroiected svstem, if further defined and built to meet the
requiTements exactly as stated, will indeed meet needs of the operational
mis<ion. That judgment is necessarily an estimate; and it hanpens to be one
which has oroved, over the history of svstem programs, to be subiject to a svs-
tematic blas: Further werk as the program moves doumstream inevitably results

a

v g bhetter widerstanding oF tecimical, coct, and time implications of th-~
naviiremente qs ovriginalli etated, and in discoveries of wnen reou pemovil ooz
vvotoyely ddent Tled--ilosus, resulting iv expansion.  That phenomenon hus
ione been the chronic and maior cause of cost/schedule overruns and program
failures. To expect that its effects can be eliminated completely is unreal-
istic, But 1t represents the princinal. known source of risk in electronic
svetem rregrams which a validation rhase, if properly rlanned and manaced, can

reduce to an accentable level.

PSS Y LG A




Related preparations to be accomplished during this period include the

fellowine activitles:

. indeting, coordinating, and izsuing the Prograzm Management Tlan (PMP).
“reparation and releace of the RiP package to potentixl contractors.®

«. Contractor nrenAaration of validation rhasce proposails.

.

d. Mward of validation phase contracts, based on proposal evaluations and

sourte selecticn procedures.

The svetenr specification is inciuded in the R¥D as a vart of the statemem:

b
M
-

COCE L toeether with reanirements for its further analyeis ani expan-
crer wothe valiastion phase contiactors.  Generallvy, the candidate contractor:
oot have Ctnvested <fFerts an studies of the program prier to receint of the
WFl hence, since they must alse perform further apalyses during the proces:
of preparing proposals. the snccessiur candidates shouls have accrved & sub-

rantial knowledec of the procran v the time the next perion berins.

omn
s
o
-+
jon
=

svEien engineering dectwentation incorporated as Tirm reaiitemcnt
Via, svstes: cpecification cparvs. 3 .40 will normalily fonsist oniv o os2lec-

.

clocortiont of the decumentation generated durine earlier studies (fee L. 1lC

shove o However, ihe POoshould prepare & list of Jdecuments which have
diresiobearing on the syvstem, wncluding cenceptual nhase studies, and provide

 with the RFP,

UL ccworagtLoon assuaee o for o simplicity, that the svston is to be rrocared
cater, chmrng anilencale development . throueh a single prime contractor.
Powever. 1t mar beoa viable ontion in some programs to use as<ociste contrac-
toTs Loy oseparate svstem seaments, In that case. the svater specification
.

o been prepared in the {oms ol one general voluas and separate veliwes

“erotne seements: oand commetiition, durine validation, would be v ocompeting

daencptes s Jochnical activities should pe basicalic similar +o the decrec

Shet o lb secnent-oconsisting In itself of semarate finctional areas--merite
commarsbhle approach to ts analveis and Jdesiom,
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2.5.2 Implementation

Descriptions provided below of technical activities performed b contrac-
tors during this period follow the svnoptic outline of events depicted 1in

v

-1

0

ure -3, Activities shown in the figure are limited to those leadinc
directlyv to maior products mentioned earlier relating to the svstem specifica-
ticn, item specifications, and program plans. It is conceivable tha: reasons
could exlst tc require a prototvpe (i.e., partial prototvme' demonstration as
a nart of this phase. In that event, there would be additional activities

whih would interact with, but should not replace, these main!inc activities,

This phase as a whole is described below as consisting of three successive
stages: {a) a first stace devoted to meeting technical ohiectives reflected
in requirements for the System Requirements Review (SRR}; a second stage which
terminates with successful completion of the Syvstem Desien Review (SDR): and
4 7inal period during which contractors complete and submit all products for

vhic nhace required bv +heir contracts.

2.5.2.1 Svstem Definition

The contractor's efforts at this initial stage should be devoted to expand-
ing the svstem engineering studies described above for the concentual phase
(2.4.1v. The technical approaches should be basically similar: however, thev
are now guilded by firm decisions reflected in the initial svstem specification,
and by known requirements (stated in the SOW) for studies in specific areas
indicated by results of the earlier work. Hence, while the contractor should
studv and understand the mission, functional, and performance analvses accom-
nlished previouslv at the higher levels, he should not be required to iterate
those. The major emphasis at this time should be placed on: (a' expanding
the analvsis of functions to lower levels; (b! determining design requirements

N

for the svstem segments: {c' verforming trade stulies tc evaluate both fanc-
tional and design sclutions: and {d) arriving at allocations of the reauire-

ments to identified hardware and software items within each svstem segment,




POLLOf UOL e YO [ - SnE g o epriey jo ool

LH 4.7 ombtg

e

K.M_WW_ ol . SNVId (LWL 3 Eg,ﬁ.l:.tx._s 1040 % 1D SH1AMS HelsHa -
SNV 1d SIHOd NoIsSEad N SLHDGSHESY ALT TTHTSVEL RINMLIOS 3 RIRIVH
LNTMAANLONY dYPMides & dYE T8
]
SddS
WALl |
SR IRATS]
Sodds oy~ - . Y T A - e - s
L LANJO T ] |€——-— SIXID % mHL,..d/.:Z,.:L».:.,S._c @EU@.EU NISId ¥ vaw N -]
DD % 1D dOd SINUWARE L (O 10 NOLLIRTAA S1DdD/51D | TIAST JNBOAS/WLLSAS
= ONITHASNITNA A L04S
jloddng 011518077 potvadriul e
Juyaoaulduy Ajjuioadg e
sjuowddnbey 50131158 @
UIULLIL § jauuosiadd €
duparssuidug s1ouldug uevwny @
dopipidaiul y s3]l wijtay ¢
J3dS ) J3dS
WHISAS - W3LSAS
3NV IWILINI

INOLIVINGGT LN
P vl d Nl Lval 1Ty

A

42




The purpose¢ of SRY 1s tc review and evaluate the contractor's progress in
accomplishing thos- tasks, as they contribute tc specifving functional and
phvsical characteristics of the svstem as a whole. As indicated in Figure 2-5,
the last step mentioned is probably the most visible single indicator of whether
the SRR objectives are being met.* The svstem snmecification will not be fullvy
completed until all items can be identified (in maras. 3.1 and 3.1.4) bv 71
number or equivalent, approved nomenclature, and specification number. Ih
cotal listing will identify all commercial and Government inventory as well as
developmental items, and all items required for support as well as for opera-
tiona! functions of the system. Some of the minor items need not be precisely
identified until later. However, the list should be complete at this point in
the program with respect tc all items upon which the ensuing validation phase
activities are dependent. Those include both: (a) existing items (e.g., com-
puters, consoles, and major items of support software) which affect the content
of subsequent studies and planning, and (b) items of new development for which

development specifications are to be prepared during the next stage.

Evaluation of the proposed hardware/software configuration for each segment
should be based on consistency with documented design requirements derived from
the functional allocation and trade studies, and on compliance with management
criteria set forth in such sources as AFSCP 800-7 and MIL-STD-483. Those
sources recognize that the item selection process is largely a matter of judg-
ment, involving experience and awareness of the relevant technical and manage-
ment considerations. However, the established criteria for the selection of
"configuration items' tend to apply most directly to items of new development.
Some special questions encountered in dealing with mixtures of commercial and
developmental elements, which have been characteristic of electronic svstem

programs 1in recent vears, are discussed in the next section (see 3.2).

*Althourh referred to here as a single event, SRRs may be scheduled on succes-
sive calendar dates to correspond with expected progress (a) initially, in
defining the svstem configuration for operational functions and (b) later, in
defining derived requirements in such areas as logistic support, facilities,
the speciplty disciplines (reliability, maintainability, ...), encineering
intecration, and rest planninge.
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2.5.2.2 Configuration Item Definition

The identification of items accomplished in the nreceding stage represents
the comnletion of design, as such, at the level to be specified in the svstem
snecification. Tterations, refinements, and some expansions of the svstem
specification should continue to occur throughout the remainder of this »hase.
However, the principal focus of the svsterm engineering effort as a whole shifts
at thls point to concern with requirements for the individual items. In gzen-
eral, major technical activitles are now devoted to supplementing the svstem
specification with 1tem-level specifications and other documents which expand
the definitions cof requirements allocated among the identified system corpo-
nents--including personnel and facilities as well as hardware and software.
The varied and interrelated activities which should be completed--or nearly

corpieted--by the time of SDR include those summarized very briefly below:

a. Generation of the allocated baseline. The most prominent activity during
this stage is concerned with developing or acquiring the complete set of
item level specilinations which wiil constitute the svstem allocated base-

ine encommasses the

h

araware, software,
and facilities. it is documented in the form of specifications which will

line when completed and approved. The allocated basel
totality of svstem requirements allocated to items of
be placed on contract during the next phase of the program to govern the
development or other acquisition of those items. A< identified in the
svetem specification (i.e., in the specification tree. para. 5.1.4), those

may include most or nearly all of the following tvpes and forms:

e

Comuter Program Develonment Specification (Type BS5). By and large,

—_

most of the operational ifunctions of an electronic svstem are alle-
cated to computer programs. The process of generating a BS specifi-
cation involves further analvsis of the allccated functions to much
lower devels than thev are specified in the svstem specification. In
retms of tctal time, manpower, hulk of essentiail detail, and direct
sipnificance te the operational nission, this tosk sheuld normally
account Tor most of the svetew encineering coffort exnended during the

validation phare as a whoie.
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{21 Hardware Development Svecifications. Although electronic svstem
programs do not tvpically include the developmert o maior items of
new aerospace equipment, there are normallv some items tc be newlv
developed (or wumdergo major modification, e.g., a console or communi-
cations element) which recuire the preparation of development speci-
fications. Devending on the item comlexity and other factors. the
specifications nrepared at this time will be Tyvpe Bl (Prime lte ),

R2 (Critical Ttem', or B3 (Non-Comnlex Item:. *

{3) Facility Specification (Tvpe B4). The system svecification identi- |
fies facilities with respect to intended use, general characteristics, '
and status--i.e,, whether existing, to b2 modified, or to be newlv
constructed. The preparation of a Type B4 specification is initviated
at this time for facilities requiring new construction or maior modl-
fications. Requirements are derived largely as a part of the on-going

analyses of requirements for svstem eguipment anc personnel.

{4y Other Specifications. In terms of numbers alone, most of the smecl-
fications to be premared or acquired at this time are likely to he
for existing items of hardware and software. Denending on sources and
other factors, these will include: Twvme C4, for items already in
Government inventory; specifications to commercial practice (*IIL S-§346G0
Form 2 or Form 3); or product €unction specifications, Tvne Clu or Cla.
Althougch classed as 'product specifications', these should generallv
be anproved and controlled as part of the allocated baseline for the
reason that they constitute the only requirements documentation ¢

govern the acquisition of the items during full-scale develorment.

b. Personnel and training requirements. This activity consists of deveioning
information relating to numbers and tvmes of nersonnel needed for “ieid and
organizational operations and maintenance, and to preoiected needs for indi-
vidual and team training. Earlier estimates of nersonnel reauirerments are
re{ined during this veriad largelv on the hasis of data derived {rom the

on-goine analvses of recuirements for ecuipment and comnuter procrarm (1s,
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supplemented by additional analvsie normally required to develop the
standard aualitative and quantitative nersonnel requirements information
‘0OPRI) report. Depending on the svstem, significant additional efforts
mav be involved in developing requirements for capabilities that can be
used bv the overational command to perform simulated exercises for nur-
poses of svstem training and evaluation.

item-level development and test plans. Technical planning for the devel-
opment of nev. CIs and CPCIs should be accommlished in parallel with the
svstem enginecring analvses being nerformed to develen the Tyvpe B speci-
fications. This activitv normally involves conducting preliminary studies
of hardware or software design for each item, which should be carried out
during this vhase in sufficient denth to provide z basis for {1} evaluating
the immact and feasibility of detailed performance requirements as thev are
formulated, and (2) determining schedules and resources needed for each
item's development during the next phase. Internal test planning 1is
included in the Jevelopment plans. Separate, preliminarv nlans for CI and
{PCI qualification should be developed concurrentiv and in coordination
with test requirements being documented in Section 4 of the B-tvpe speci-

tfications.

Srstem integration and test. Significant continuing activities at the svs-
tem level are concerned with requirements and plans in the areas of svstem
and svstem segment interfaces, site installation and checkout, and svstem
development test and evaluation (DT&E). Rv the end of this phase, func-
tional definitions of all svstem and inter-segment interfaces should be
completed and incorporated into the svstem snecification, together with sll

4

definitions at lower levels which exist as nredetermined constraints fcf.
2.5.1 above, lock X.1bi. Following the completien and verification of
performance, Jdesiem, and interface reauirements in Section 3, Section 4
st be completed to specify methods and leveis of DTEE to be emioved in
verifyving that those requirements are met. As a nart of these activities,
associated rlans are prepared for:  interface control gurine the develop-
ment vhase pripariiy for equiprent and facilities @ :ite ecuipment instal-

Tation, and woten DISH
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The SDR is conducted before this stage ends to review requirements of the
updated system smecification, specifications of reauirements allocated to con-
figuration items, and the contractor’s accomnlishment of svstem engineerin:
management ohiectives. Svstem engineering studies should have been verformed
as required by the SOW--and by the nature of aJuestions encountered durine
nrogress of the work--, either separately or asz inherent varts of the activitie:

described above.

At the svstem level, the emphasis at SDR is nlaced on adequate coverage anc
assessment of svstem/system program characteristics in such areas as integrated
iogistic support, standardization, growth capabilities, life cvcle costs, and
other special topics listed in Appendix B of MIL-STD-1521A, as applicable to
the given program. Objectives are similar to those of the preceding SRR, bhur
with attention at this time to comprehensive coverage, completeness, and integ-
rityv in the light of lower-level studies of reguirements allocated to the svstem
elements. Information required in final form pertaining to thé specification

tree and I 1lists (in paras. 3.1.4 and 3.7 of the system specification! should
be fully complete bv SDR, including specific identifications of all eauinmert

and computer programs reauired for supvort as well as for mission omerations.

At the item level, a significant purpose of SDR is to review the specifica-
tions proposed to constitute the svstem allocated baseline--for tormat, content,
technical integrity, traceabilitv to svstem miscion/suppert recuirements, and
correlation of requirements across the full set of items. The general erphasi:
of this review is on verifving that the contractor has, in fact, succes<fulhs
translated system requirements into individuallv-defined sets of reou..ements
for the svstem hardware and software elements. Critical requirements to be
exanined for data processing and smecial communications eaquipment -atems relate
to speeds, capacities, commatibility with the projected nature and structure of
svstem computer procrams, and secondary characteristics in such areas as onera-
bility, electromagnetic compatibilitv, reliabilitv, and maintainabilitv/availa-
bilitv. For computer programs, particular attention is typically needed to
examining (a) system engineering documentation generated in the process of

deriving requirements for the mission/operationai CPCI{<)--together with related
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requirements for operational personnel and interfacing equipment characteris-
tics (e.g., detailed operating characteristics and/or layouts of displays and
manual input devices)--, and (b) technical integrity and completeness of the
Tvpe BS specifications themselves.*

2.5.3 Evaluation and Decision

This final period of the validation phase is devoted to reviewing and
evaluating contractor products, updating program planning documents, and
accomplishing related actions required for the milestone II decision.

Contractor products to be evaluated consist of technical and planning data
items delivered against the validation phase CDRL. The total package of data
submitted by each contractor should include items in the following categories:

-~

--Updated/expanded svstem specification--in the form of an ECP package,
containing specification change notices (SCNs) covering exact proposed
page changes to the specification.

--Allocated baseline documents--the full set of development specifications
(or their equivalent; see 2.5.2.2,a above) for hardware, software, and

facilities items.

--Svstem engineering documentation--reports of functional analyses,
reauirements allocations, trade studies, human factors engineering
studies, program risk analyses, computer program sizing and timing
studies, personnel and training requirements, et al.

*The evaluation of B-type specifications accomplished at SDR is preliminary,

resulting immediately in directions to the contractor for corrections/improve-

ments to be incorporated prior to their submittal at the end of this period.
Full evaluation of the speciflgatlons as a basis for PO authentication (and
baselining for subsequent configuration control) is accomplished via in-house

specification team review procedures following that submittal. A further dis-

cussion of factore to be considered in evaluating the Type B> specifications
is provided in another guidebook of this series (see ref.18, para. 2.1).
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--Management plans for full-scale development--svstem engineering manage-
ment plan (SEMP), computer program development plan (CPDP), test nlans,
equipment/site installation plan, work breakdown structure, and others
as required by the RFF and/or validation phase CDRL !for a ''shopning
list” of these¢ plans, see paragraph 3-18, AFSCP 800-3!.

--Contractor cost information and recormended inputs tc the full-scalc

development phése SOW and CDRL.

Those items should be evaluated individuallv against reaquirements estab-
lished for each item in fhe contract and/or RFP. The svstem specification 1s
evaluated for continued adequacy in specifving Air Force operational needs for
the svstem. Each contractor's proposed changes should consist, primarily, of
expanded definitions of the svstem segment configuration--i.e., in the form of
CI/CPCI lists, requirements allocations to the items, and schematic block dia-
grams depicting functional arrangements of the hardware and software assemblies.
Aaditionally, the contractor's SCNs should normally include proposed clarifica-

tions and expansions in other areas--e.g., design and construction standards,

. inter-segment interfaces, and test requirements (Section 4)--which fully reflect

his proposed approach to system hardware and software implementation.

However, the important overall assessment to be made at this point is
whether that total collection of technical, management, and cost information
is sufficiently sound and realistic to warrant progression into the next phase
of the svstem program. Assuming that the system specification is judged to be
adequate and complete, the burden of that overall assessment now rests on deter-
mining that (a) the allocations of svstem requirements to hardware and software
elements have bheen soundlv accomplished, (b) the allocated baseline documents
are adequate, both individually and as a set, to govern actual acquisition of
the =vstem elements, and fc) the contractor's management plans and cost esti-
mates for full-scale development represent, in fact, serious and realistic

planning based on identified needs of this program.
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SECTION 5. TISSUES AND PROELEM AREAS

The svstem specification is not intended to be a "stand-alone' documecrt.
As prescribed in the current standards, its content reflects estahlished con-
ventlions based on intended functions of the svsten specification in relation to
<lie many other documents that are typicallv generated and used in the course of
s tvpical svstem program. Generally, specification types are distincuisned from
cne another--and from such other documents as nlans, manuals, reports, eic.--
on the basis of such factors as scope, nature of technical and/or manavement
content, nhasing. sources, and intended uses., However, the structure of docc-
ment: 1n o larye svsiem prograr tends to be sufficientlv complex and var:iable
that those distinctions are not alwavs obvious. Purposes of the discussions
provided in this section are to summarize intended functions of the svstem
specification, as those are stated or immlied in existing standards, and to
identify a few problem areas which have proved to be prominent sources of diff:-

culty and/or disagresement.

5.1 Summary of System Specification Functions

Traditionally, specifications are decuments which define the recuired char-
acteristics of 1tems, processes, or materials to be developed or produced and
Jdelivered by a contractor. The specification is normally referenced in, and
functions as a part of, a contract statement of work. While the specification
types, forms, and uses prescribed in current military standards conform gener-
allv to traditional Government and industry practices, thev have been inf{luenced
significantly by considerations derived from the special circumstances of svsterm
acculsition programs. It 1s also nertinent that the standards we have todav--
i.e., those contained 1n MIL-S-83480 and MIL-S8TD-490--are largely based on Air
Torce cvstems manacement policies that were in effect during the early and
mid-1260s. The standards have not changed; but some questions do arise as a
reslt of continuing, substantial changes which have occurred since that time

in the policies an! circumstances of svstem acquisitions.
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The structurc or iprogram-pecuiiari specifivations u- wowhole gL sveter
nrocTam consists of 4 oone specification for the sveterm, written rramar:ily at
the performance level, and b one specific: tion for ecucth procurable end iter
o7 materiel. The basic princirle which differentiates the =vsten specification

from item-level snecifications was once expressed in the fuliowing terms:

"The concent of the uniforn specification nrogranm JUSH s hised CnLothe
{aCt that svstems/eGuinment are not nrocured »v sincae identitfiable
svstems but rather bv separate end 1tems of contractor neca. ar itens,
\1r Force Supriv Federal Stock, and cormercial 'off-the-shelf’ items. '

is recognized that an end-item snecification nrogram rust be correlated
with weapon-svstem nrocurement nrograms and methods.'*

The divect and significant implication of that staterent is that: CTontrac-
tors can ne made fullv resnonsible for tho development and supnly of end items,

in accordance with item-level snecifications which are made 2 nart of their

TONTTACts.  Lur oontpgecors gre net 00i1@ated to S€7 1ngT LhE SYsteT medto Ay
- - . a7 A ‘s can s e
Srree clcotiveld: tne responeilility For complionec with the sustem gpeeileoa-

tlon a0 2 whels vemedns with the Alr Force rrozurirs activity. Further irmlica-
tions of that principie are amplified in the followine surmaries of svstem- vs.

itern-level specification functions during the course of a svstem program.

... Repations of Technical to Management Factors

The focal products of contractors to be snecified, manaced, and accented
during a svster program consist of identified items of hardware and software--
¢encrally referred to as conficura“ion items. A few of the established rules

which relate to auestions at hand are as follows:

. Mdthouch specisl provisions are made for some hardware components (''criti-

cul iteme”) which mav be specified senarately, the snecification ''tree”

vomoGhapter 1oof the Yormer AFSC Manual 3
the Acandsition Phase, dated 1 June 1902, The uni forn snecification progras
rererred tooas the offort which led to the <“tracture now standardized in Y76 -
CSERA%0 and I -TH-A00 0 Prior te that ettort, there was a nroliferation of
specifications with diverse titles, formats, coverace, and uses.
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consists hasicallv of onlv twe levels--namelv: (1 the «vetem leve! and

’

(21 the item level. The form of a swecification tree to he provided in the

N

svsten. specification (in para. Z.1.0) 1x i1lustrated in Figure 3-1.

That specification structure must be capable of covering the acauicitior

of all hardware anc software needed in the svstem. However, it does not
have an obvious, one-to-one correspendence with the hierarchy ¢f nardware/
software assemblies which is typically generated as 2 result of engincering
analvsis and design. Figure 3-7 illustrates a (partial: sample of the
latter, which represents the immediate technical product of conceptual and
validation phase analvses Jescribed previously. Essential 'correlation™ of
that breakdown with the specification tree is nevertheless achieved hv

vivtue of the facts that:

(1 The top three levels represented in this diagram are levels of assembiv

to be defined directly in the svstem specification.

721 Assemblies at the fourth level mav all be identified and specified as
separate CIs f(excent that the Computer Programs block shown in this
sample would be likely to consist of separate CPCls at the next lower

level).

‘3)  Assemblies at lower levels may be specified either as separate Cl!5 or
as components of the larger CIs into which they assemble. For example,
the Power Supply (fifth level) could be identified as a separate C]

because it is to be Government-furnished or procured from a vendor.

Thus, the CI concept functions to define a contracting level, somewhat
independentl+ of the technical/assembly relationships of the items sneci-
fied. That is, the designation of a "CI' appnlied to a given assembly of
hardware or software components, of whatever size or comlexity, defines a
level of management as between the procuring activity and contractor which
involves, for example: one specification, one set of technical decsign

reviews and configuration audits, one test (qualification) procram, and
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one set of support documertation. It is the level of deliverv and accen-

tance, accountability, and provisioning for logistic suprort.

¢. In the framework of that established model, assurance that requirements {or
integrated nerformance of assemhlies at the functional area/svstem segment/
svatem levels will be met rests heavily on nrovisions for controlling :nter-
faces among the CIs. 'Interface control" is most often thought of as u
»rominent activity of participating contractors, carried out principallv
during full-scale development. However, the onlv real control contractors
can exercise at that stage 1s over their in-process designs of ecuipment
items at the product level--to meet requirements and constraints established
in their contractual, allocated-baseline specifications. Actually, the ™7
accerts primary responsibility for interface compatibilitv among Cls at the
rime the CI performance {allocated baseline) snecifications are arproved anc
nlaced on full-scale development contracts. The assumption is that measurc:
have already beer taken--prior to and during the validation vhase--tn azsure
that interface reauirements were svetematically and cormrehensivelv identi
fied, analvzed, allocated to (CIs, and properlv incorporated into the Cl

specifications.

3.1.2 Surmary of Svstem Specification Functions

As indicated above, the svstem specification is a document which governs,
orimarily, the PO itself. It does have some uses as a contracting instrument,
however, within the establiched framework of svstem acquisition management pro-
cedures. The following sumrary includes mention of those, together with notes
to indicate their recognized limitations.

a. Program Requirements Bascline. The svstem specification begins to function

at the time it is initiaily prevared, coordinated, and anproved hv HC USAF
as a part of the P0's 'charter” {or vursuing the program. It defines the
technical vertion of the program reauirements baseline, which also includes
the documented operational concept, logistics concept, and cost estimates.
Significant changes in broad objectives defined in those documents, later
in the program, require HQ USAF review and approval.

o
[Sa)

o 5 RIS Wi i n s ot el S ST e




@]

runcticndal Baseline. As described above (2.5.1), the svstem specificutiorn

ic established as the functional baseline for formal configuration control
bv the Program Office CCR bv the time it 1s issued with validation phase
RFPs.  Probably its major single function in the life of the program is to
serve, during that phase, as the basis for program planning and the deriva-
tion of lower-level requirements for svstem personnel, hardware, software,
and facilities.* But, since it continues to serve that and other signifi-
cant functions identified below, 1t is systematically controlled thereafter

and maintained tc reflect the impact of all approved changes.
PP

Srstem Test and Acceptance. While contractors normally provide substantial
support, the planning and conduct of system DTGE is a Program Office respon-

sibility. System DTGE is planned against requirements stated in Section 4
of the system specification and conducted to verify that the integrated
collection of svstem elements will in fact meet the performance/design and
interface requirements set forth in Section 3. Acceptance of the svstem bv
the operational command is based principally on successful accomplishment
of svs+em DTEL.

Total Svstem pProcurement. The assertion has been made that the Air Force

should acquire each system "as an entity'” from a single contractor, using
the svetem speciflcation as the contractual compliance document. Program
Managers do have the flexibility and obligation to tailor each program
according to i1ts needs; and there are understandable motives to depart from
the practice of procuring solely at the CI level (see 3.2 herein). However,
the svstem specification is not designed for that application. Some of the
pertinent considerations are mentioned elsewhere in this discussion. Addi-

tionallyv:

‘11 The accepted acguisition management standards--throughout such areas as
configuration management, design reviews, test programs, and acceptance

--are based, hy and large, on the established differentiations of

*At
of

one time in the histor of svstem programs, that was the only real function
a svstem-level specification. After that initial use, it was often simply

replaced by the other, derived documents.




0 and contractor responsibilities for the svstem as a wnele ve. con-
ficuration fend: items. Current standards associated with AFR &0

serles procedures provide little or ne suidance or surnort for a *otal

.

vstem procurement.

-~
al

1gure -3 presents a summary overview of svstem specification fune
tions in governing both the on-going svster nrogran ang the sveter
itself as a commlex end product. As indicated, elements of the
resulting svstem are acaulred individuallyv through the use of lower-
level specifications. tHowever, some of those essential elements of
the #ctal svstem are ones which a prime contractor to the PO cannot
furnish, and which the NC itself can control only withip limite of it

designated Air Force authority. As notable examples:

y 5 The PO can control requirements for svstem facilities that are docu-

| . . . . . . . . . . .

i mented in ype B4 specifications. But actual facilities acuuisition
i ' 7
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Sigure 3-3. Summary of Svstem Specification Coverage and Functions.
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fmilitary construction program) must he accomplished by the Armv Corps
of Engineers or Naval Facilities Command (NAVFAC) through contracts

administered by those agencies.

{27 The PO can also control the development and dissemination of docu-
ments which detail requirements for the selection and training of
svstem personnel. However: manpower allocations must be made by HC
USAF, and personnel are actually selected, trained, and assigned by
ATC and the operational command. --This is by no means a negligible
consideration. Deficiencies in trained personnel have been known to

cause svstem failures.

Iten Procurement. The svstem specification is classed as a ''general' speci-

ficarion, covering characteristics which are common to an identified ciass
of items (1n this case, items classed as parts of a given svstem), whereas
the specification for a single item is classed as a "detail' specification.
In that role, it does normallvy serve as a supplement to, and/or as a part
of, the contractor's procurement specifications for end items. Thus, in the
detail specification placed on contract for procurement of the item, some
requirements mav be stated--in the item specification itself--by reference
to appropriate paragraphs of the system specification.* However, the PO
must take care tc assure that the referenced requirements are identified
specifically, and that they do not conflict with other provisions expressed
directly in the detail specification. Orders of precedence listed in the
SO and/or specifications notwithstanding, contractors must normally observe
lower-level requirements whenever they conflict with requirements stated at

mere general levels or in higher-level specifications.

f. Contractor Scrvices. The process bv which contractors derive program plans

and lower-level requirements for svstem elements from the initial svstem

stecification was outlined in 2.5,2 above. The svstem specification

Fror examples, see ti MIL-STD-490, paragraph 20.3.3.60 (specifving "Safety" for
aoprime cquipment item) and (b) MIL-STD-483, Notice 2, paragraph 60.5.3.4
fepacifvine "Human Performance' for a CPCIj. The latter happens to be an
unround example, incidentallv, but for reasons unrelated to the present dis-
Jussann: see reference 18, paragraph 3.12.
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functions during that phase as a compliance document in the sense that con-
tractors are bound to be consistent with its reqguirements, but not in the
sense--normal to contract specifications--that the contractors must delives
3 set of validation phase products which meet those requirements (namel6:,
the system itself!. At that stage, contractor products are defined directlw
in the SOW and CDRL and accepted or reiected by the PO on the basis of com-
rliance with those documents. During full-scale development, the system
specification 1s normally placed on contract, together with item-level
specifications and SOW requirements for contractor services in such areas as
configuration management, interface control, system installation/integration,
and support of system DTEE. Again, however: while contractors are now
fullv responsible for meeting requirements of item-level specifications, the
svstem specification continues to function primarily as a reference source
of criteria against which to judge the acceptability of their services--

not as a direct definition of characteristics to be achieved by the:ir
deliverable products.
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3.2 Trends, and Questions to be Explored

It was mentioned earlier that the principles upon which the established
structure and roles of specifications are based were derived in the context of
svstem acauisition management policies and circumstances which existed in the
early 1960s. Some of the problems encountered in recent vears can be traced to
chanyges in the latter which have not been accompanied by corresponding revisions
or clarifications of the principles and their applicability. Among the many and
varied changes/trends, two are noted below which have been associated prominent-

Iy with questions about functions of the system specification.

PO Manpower. It is an in-built assummtion of established procedures that
the PO will have trained and experienced personnel, in adequate numbers over the
range of significant technical and support management disciplines, to ''stay on
toyp” of a svstem program throughout its duration. However, the numbers of
tralned civilian and militarv personnel available (and authorized) for assign-
ment tc PO positions have decreased markedlv over the vears. With limited
resources, pressures have increased to shift a greater portion of the total bur-
den to contractors. POs at ESD have in fact taken measures along that line, in
two forms: (a) of acquiring more direct support to the PO from system engineer-
ing contractors; and (b) making more use of the system specification instead
of allocated baseline specifications as the primary technical requirements
instrument to govern full-scale development. Although devices of necessity
rather than choice, both of those have been reported to help in alleviating
the pressure. As indicated in the preceding discussion of system specification
functions (3.1), the latter represents a relatively uncharted approach in the
light of established principles and practice; and its use is necessarily
limited to something less than the total system. However, additional reasons
which suggest that it should perhaps be further explored are discussed

helow.

txisting Items. The use of existing commercial and Government-inventory

1tems has shown a steady increase, as a result of both current policy and
increased availability of general-purpose components, to the point that they
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now often constitute major portions of a total electronic svstem. However,
while the specification structure as such has alwayvs included provisions fo!
those, most of the substantive guidance for munaging svstem contracts applles
te items of new development. The differences in indicated {and practicublr
management procedures are sufficiently extensive that care has been taken 1in
some programs to avoid designating the commercial elements as 'confilguration

"

iteme™, largelv for the reasons that: their commercial spc “ifications arc
typically not adequate or usable for configuration control at either thc
allocated or product baseline levels, due to obstacles posed bv considerations
of ownershir and data rights as well as content; and standard procedures for
managing technical design reviews, qualification testing, and configuration

audits are not anplicable.

The fact that Tyvpe B specifications are not written for commercial items
implies that special attention must be given in the system specification--i.e.
in the initial issue--to maintainability and related support requirements to
govern the selection anu acceptability of those items. The nature of such
rcjuirements must be carefully tailored to operational and support concents {or
each svstem with respect to relevant factors of geographic location({s}, deplov-

ment, and environment.

3.2.1 Tllustrative Problem Case

Figure 3-4 contains a diagram based on the arrangement of principal equin-
ment items proposed by one contractor to meet the requirements of a svstem
segment specification. In this sample, individual items identified within each
ol the four sets labeled ''functional groups" are all commercial, including two
¢ three requiring some degree of modification for this intended use. Commuter
nrograms (not shown) are associated with each of the functional groups,
consisting of both operational aﬁd support items. In the segment as a whole,
the only major items of new development are the operational CPCls.

Referring to the model process described for the validation phase in .S
above, this diagram illustrates a situation which is likelv to exist at about
the time of SRR, after the contractor has analyzed segment-level requirements,

allocated those to functional areas, and identified principal items of hardware
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and software within each functional area. The preponderance of commercial items
is clearly in line with objectives expressed in the SOU; and it does have the
basic advantage that significant factors of performance and cost are relativelwv
"proven'' as compared with items of new development. At the same time, viewed
in the light of accepted acquisition management practices, the situation poses

to the PC certain novel questions and problems of its own:

e If those items are to be listed in the expanded system specification
and their commercial ''specifications' accepted and approved, the PO
must perform the considerable task of verifying indevendently the item
selections, performance potentials, and interface compatibilities before

incorporating them into the full-scale development contract.

e The individual items shown in this diagram--computers, consoles/dis-
plavs, and related equipment--are in fact properlv identified as
"configuration items', to the degree that basic criteria for CI identi-
fication and selection applv at all to this total segment conifiguration.
The significant consideration is that each is a level of assemblv
separately manufactured and documented as such, and in manv cases by

separate original suppliers/contractors.

o Nevertheless, there will be little or no equipment development for the
PO to monitor and manage, during full-scale development, at the normal
configuration item level. Notably, there will be no technical desicn
reviews or qualification test programs for the commercial items as a
basis for their audit and acceptance.

e When contractors are responsible for Cls of new develovment, thev share
a portion of the total program risk. But one net result of this case, ;ﬂ
carried to its logical conclusion, is that essentially all of the risk i1
(i.e., for svstem equipment) is shifted to the PO, since new develop- {
ment is now limited to complex assemblies above the level of Cls.
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3.2.2 Proposed Solutions

The situation described above has existed in several programs, although with
a number of variations in relevant circumstances. As indicated earlier, read: -
made solutions are not prescribed in the current standards; and this guidebook
does not have a simple solution to recommend. A PO faced with those problems 1is
largely "on 1ts own''--although, to avoid problems that could be even worse, any
novel approach must take full account of basic principles which the established
standards and practice do reflect. Some considerations are summarized below
relating to each of three approaches that have been tried or proposed in recent
programs. At this point in time, all of these need further studv to clarify

thelr potentials and limitations for general use.

Two of the three solutions referred to were proposed in the program on
which the diagram shown in Figure 3-4 is based. The other (the first discussed
below) has been implemented in other programs.

a. One PO has adopted the approach of using the system specification as the
sole contracting instrument to govern development of all svstem hardware
and software. Although subject to limitations discussed previously, there
are indications that this device can be made to work in some cases. The
cases known so far are ones in which the system havpens to be atypical, in
that it does consist principally of one large prime equipment item (a ''one-
of-a-kind" surveillance radar)}. The purpose, and reported real result, 1is
to reduc~ demands on PO manpower by placing full responsibility onto the
svstem contractor for all management at the CI level during full-scale
Jevelopment. This means that the PO has correspondingly less control at
that level while the development is in progress. Implications which this
PO has recognized and accepted include the following:

e The contract specifies that normal Cl-level requirements (for develop-
mental items) are to be observed, in a normal phasing sequence, in such
areas as development specifications, technical design reviews, aqualifi-

cation test programs, and product specifications--but, wholly managed
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and controlled by the prime contractor from the time of contract awar.

through successful completion of svstem DT&E. The svstem testine is

also managed/conducted bv the contractor, but witnessed and approved/

accepted by the PO (as the qualification testing would normallv bhe for .

a Cly.

e Although the PC mav act as an observer at intermediate (CI-level events
and rececive information copies of documents, it does not accent or
control CI-level nroducts until system DT&EE is comnleted. At that end

point of the program, the PO then holds a physical conficuration audit

(PCA) to examine and accept the CIs, their specifications, and other

documentation.

e Configuration management procedures are adiusted accordinglv. Through-
out the period of initial acquisition, the PO's configuration controi

is confined tc the functional baseline level. The prime contractor mayv
report to the PC changes to CI/CPCI specifications which he has bhase-

lined for internal control, but in the form of ''record-onlv'' ECPs,

b. The system on which the diagram shown in Figure 3-4 is based was substan-
tially larger and more complex than the case just described; and computer
programs were a more nrominent part of the total acquisition. The plan to
manage computer programs as individual CPCIs, in accordance with normal
practice, was not in gquestion. With respect to equipment, however, the
questions and problems outlined in 3.2.1 above led members of the PO to
search for an alternative approach. Of two alternatives proposed, the one
adopted (ir some haste) was later reported bv participants to have created

more problems than it solved. That concept is outlined as follows:

e Fach of the complete assemblies illustrated as a "functional grour”

in Tigure 3-4 was designated as a prime item of new development.

Equipment CTs identified by specific numbers and nomenclature in the
svstem (segment) specification tree and C[ 1list were confined to those

prime 1tems.
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e The seyment contractor was required to prepare a Type Kl specification

t
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for each of the functional groups, tc be followed later bv a Tvpe
fproduct fabrication) specification. Following acceptance, they would
become items in the Alr Force inventorv at that level, identifiec as

1tems manufactured bv the PO's segment contractor.

e [kevelopment and test plans for full-scale deveiopment provided fer
Jdesign reviews, qualification testing, and configuration audits at the

functional group (prime item) level.

Some of the probiems encountered in the course of implementing that plan
resulted from difficuities experienced by the contractor in preparing the
specifications, particularly at the product fabrication level. Guidelines
for nandling The commercial items (now identified as commercial ecomponents’
were never clearly formulated: and they proved to be matters of disacree-
ment with respect 1o a range of questions having to do with the use of
commerciai documentation, gualitv/forms {and even availability) of engi-
neering drawines, test data and special test support equinment for the
comwrcial corponents, and others. One significant factor which tended to
exacerbato probijems was the tact that the recuirement for the contractor to
assume these responsihilities did not emerge until after the contract had
started, and after the contractor to the 0 hal already negotiated sub-

contracts and purchuase agreements with original equipment manufacturers.

The alternative which was propesed but discarded in favor of that just
described is not known to have been implenmented in an actual program.
tlowever, there are reasons to believe it would have peen u better course
to {ollow. The concept derived in part from the fact that a validation
phase had not been conducted. and there was early evidence that the svstem
specification--which consisted of Fno general volume and separate volumes
Jor the svetem segments--had suttered from an absence of both (1) thorough
svsten envineering analvsis and verification, and (20 specific expansions
and refinements by the successful sevment contractors to reflect their

intended desion anproaches.  Based primarily on discrepancies in the
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latter area, combined with the considerations Jdescribed n 2.2.1 ahove, thic

Jsroposal outlined the following principal steps:

The contractor's first task is to expand the svstem segment svecifica-
tion to define functional areas, allocate requirements tc three, an’
verify consistency with the segment reauirements ds 2 whole. Within
each functional area. requirements are further allocated to connuter
programs and equipment. However, while the CPCl« are identified sheci-
fically, reauirements allocated to equipment are specified for the croup

of equipment elements in each functional area as a whole.

Pauinment items comprising each functional group are identified &t this
time by generic names only. The PO neither approves their selection

nor accents their individual (commercial) specifications.

Taking into account the fact that Tvpe B specifications will not exist
to provide further detailed performance/design/interface reauirements
at the item level, the definitions of reaguirements provided directiv ix
the svstem segment specification itself must be comnarable in scope and
level to the content of a Type Bl specification for each functicnal

croun as a whole.

Once completed and approved with those changes, the svstem segment speci-
fication 1s then placed on contract to govern the contractor's develop-
ment of those functional groups. Develonment and test nlans are prepared
to schedule design reviews, testing, and configuration audits for each
functional group. Acceptance of individual eaquipment items will occur
when PCAs are completed successfully for the functional groups. The
svstem segment specification is then updated to incorporate specific
identification of the commercial items. After that time, Air Forcc
management mav then revert to the item level for nurposes of logistic
support and accountabilitv.
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5.5 Program Risks

A

A "program Tisk' is a factor which creates a likelihood that svstem perfor-
mance or supnortability objectives ma not be achieved within the accentable
range of projected program costs and schedules. Since it is characteristic of
svster nrograms that thev are initiated and carried out to develop new capabili-
ties which take advantage of the latest available technology, the risks which
tenc (o recelve most visibility and attention are those of a technical nature.
Following a number of experiences in earlv svstem programs which attemnted to
incorperate scheduled 'technological breakthroughs',* it has long been a policv
within the DoD not to permit a svstem program to proceed into full-scale engi-
neering development until assurance ewists that technical Tisks have been
minirized--meaning, specificallv, that subsequent effort must be a matter of
straightforward engineering design and development without significant depen-
dence on further invention or scientific advancements. Current policies also
emrhasize earlv identification and reduction of related risks associated with
the svstem operability and performance in its intended militarv environment.

Thus, in the context of problems encountered during full-scale development
and later phases of system programs with embedded computer resources in recent
vears, there has been a widespread tendency to assume that the computer re-
sources, especially computer programs, constitute areas of high technical risk.
Hence, steps to improve the software base of technology and abilities of Program
Offices to monitor and evaluate the technical aspects of software development
have been prominent among lines of activity taken to alleviate the problems.
Tnose efforts are clearlv needed and appropriate, to a degree. However, the
risks (known or unknown at the time) which have actually materialized into
program problems or failures indicate that increased attention is also needed
tc 4 nunber of related, other factors in the system acquisition program as a
whole.

*Notable examples duriny the 1950s were a nuclear-powered aircraft (Svstem 1257°
and the outer-atmosphere vehicle, [hmasoar.
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Considering the complexity of large svstem vrograms, failures can result
from deficiencies in anv one or more of many areas. To be successful, the
Program QOffice must take steps to assure that adequate attention is paid to
minimizing risks across the whole spectrum of potential pitfalls. That is to
say, concentration on eliminating anv one risk factor, however significant, is
'"necessary, but not necessarily sufficient'. However, the following paracraphs
discuss a few risk factors associated with the svstem specification which

learly merit far more concentrated attention than they have typically becn

c
given.

Based on manv surveyvs, there is a wealth of evidence that the most pervasive
single, technical source of difficulties in svstem programs is a matter of defi-
ciencies in the amount and quality of system engineering effort applied during
early phases to develop, document, and verifv adequate definitions of require-
ments. This deficiency has been reccgnized as being a chronic characteristic of
system programs in general, for decades. Awareness of its effects on problems
with embedded software are evidenced in such comments (bv svstem/software con-

tractors) as the following:*

"...initial requirements were not critically analvzed and verified through
a formal program of advanced development or system definition."

""...lack of thorough analvsis and validation of requirements."

”...many technical, cost, and schedule problems can be traced to inade-
auatelv defined requirements.”

"Often the difference between success or failure of a large software
nroject lies in the consistency and commleteness with which the svstem
reauirements have been specified...”

"“uch more effort and moneyv should be expended on the prevaration of good
development specifications... The Government should be an active parti-
cipant in the technical effort leading to these specifications.”

*Selected quotations drawn from the DoD Weapon Svstems Software Managemen*
Study (ref. 17).

Ceant o D AN s e Sae L CORRY e T e L Be wemew




This kev fuctor accounts for the emphasis placed above, 1 the discu-
sion of system specification development (Section 2), on thorough analvsis of
system requirements during the conceptual phase, and on employment of the vali-
dation phase for the primary purpose of completing/expanding the definitions of
system and software requirements. Those objectives are consistent with current
Alr Force/DoD policies, although it must be recognized that there has been a
dearth of guidance or support for their implementation in the manner described,

specifically for electronic svstems/computer resources.

One possible source of confusion lies in the label ''validation vhase' it-
self, which tends to highlight the importance of such activites as prototype
demonstration and hardware proofing. Those activites are indeed emphasi:zed
within the Dol for major defense systems in general. However, it is also clear
that that emphasis is based orimarilv on reference to svstems in which the
focal developmental efforts and technical risks are associated with major new
prime items of military equipment--such as supersonic bombers, cruise missiles,
ballistic/antiballistic missiles, nuclear submarines, or tactical aircraft. The
early demonstration principle is still only the "'means to an end'"; its function
1s to support the mainline objective of minimizing orogram risks before embark-

ing on a full-scale development.

Thus, in tailoring hils program according to its needs, it is incumbent on
the electronic syvstem Program Manager to examine the applicability of those
concepts 1n the light of their significance to his actual circumstances. While
there may be exceptions, the overwhelming weight of electronic systems experi-
ence dictates that in most cases he should--indeed, must--conduct a validation
praze, bu: will rarcly have good reason to require prototype demonstratior.”
harduare proofing taske as stgnifieant parts of that effort. A few of the
relevant considerations are summarized below.

a. The validation phase task of contractors to analyze and complete the svstem
specification represents an important step in assuring that the specifica-
tion is a sound instrument. Fven when it mav have had the benefit of cood
svstem enginecring study and verification during the conceptual phase,
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there 1s still the need to assure that its requirements are compatible with
design approaches proposed as being known and feasible by the implementing
contractor(s).

b. Equally important in promoting the PO's confidence that contractors really
understand the requirements and thelr implications are the results of assc-
ciated implementing tasks during the validation phase--of identifvinz items
of hardware and software, developing item-level performance specifications,
analyzing development and support requirements, and preparing comrrehensive
plans for full-scale development. If there is any single factor that can be
pointed to as having the highest priority for embedded software, snecificails,
it is clearly in the area of improved develonment specifications for overa-
tional computer programs.

c. Major new prime items of equipment are not normallv develoned as part of an
electronic svstem program. Fredominantly, the hardware portions of the
svstem consist of digital ‘computing equipment, cormmunications Jdevices, and
consoles. While some of the elements mav be newlv-developed for the given
program, they are largelv commercial off-the-shelf or consist of commercial
components arranged in a tailored configuration. The risks, in practice,
tend to be matters of proper selection and assembly of those items such
that the equipment configuration as a whole, once installed, will meet

svstem requirements with respect to types of data processing. speeds,

capacities, reliability, and supportabilitv.

d. The prominent items of new development for most electronic svstems tend to
be operational (mission, or applications) computer procrams. There ave
some known examples in which certain requirements stated in the svster
specification have raised questions of technical feasibilitv--and/or tech-
nical competence of the contractor--that might conceivably be resolved or
clarified by means of '"software proofing” or early demonstration. How-

ever:

f1y More often than not, those questions should normallv have been exam-

ined and resolved before comletine the initial svetem specitfication.

4, o e At B RELC  MRRN e ASS C e .o

o e ———— s — e o —————

.



————

—
[ 2]
—

Most of the known instances (e.g., questionably-stringent require-
ments for data security) are ones which imply long-term study, and are
by no means confined to software.

Unless there happeus to be a specific objective which is known to be
exceptionally important, requirements for early demonstration as part
of the validation phase should be avoided. In the competitive environ-
ment, contractors are likely to channel their principal and best
resources into that activity; and the other, typically higher priority
objectives of comprehensive requirements and program definition will
suffer accordingly.

Experience clearly indicates that the PO's most urgent source of con-
cern, normally, is whether the contractor will be able to deliver a
total, integrated collection of the svstem software, on time and within
estimated costs, which really meets the full range of system operational
and support requirements. No case has yet been reported of a system
program failure caused by limitations in software state-of-the-art as
such. The plethora of actual problems encountered--i.e., the real-life
risks which have so often been taken and lost--are matters of inade-
quate requirements definition, planning, and management.
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APPENDIX A. SYSTEM SPECIFICATION PREPARATION

Most of the content of this appendix is drawn from a svstem specification
preparation guide which was developed at AFSC's Space Division (SD). The
material is used herein with the permission of its author, . Ernest Wade of
The Aerospace Corporation, to whom this author is also indebted for consultation
in adapting it for this use. While that guide emphasizes requirements which are
important in space systems, it also contains information which is both generally
useful and potentiaily helpful in tailoring the MIL-STD-490 instructions to
other classes of systems.

The principal sources of general requirements for preparing a system speci-
fication are Appendix 1 of MIL-STD-49C and Appendix II1I of MIL-STD-483 (USAF;.
The instructions contained in those sources set forth minimum requirements which
are written at a very general level tc cover all classes of military svstems,
and to serve the generally-useful purpose of enforcing a base of standard
practice. However, it has been the common experience that a substantial amount

of additional direction and guidance is needed to support their effective use in
any given case.

Basic sections of this guidebook have emphasized the fundamental problem of
developing and verifving an adeguate foundation of requirements data to provide
the essential technical content of a good system specification. Bevond that,
however, the process of translating the input information inte statements of
requirements which are consistent with sound specification practices is a sig-
nificant task in itself, particularly when combined with tvpical needs to
adjust the specification format and emphasis to a given class of svstems.

A committee which was formed to investigate problems encountered with one
svstem specification at ESD recommended recently that a new pamphlet be devel-
oped as & guide to the specification preparation for electronic svstems. UWhile
that topic is clearly within the scope of subiects which deserve coverage in
this guidebook, it is recognized that the task as a whole demands longer time
and a broader base of resources than have heen allocated to preparation cf this
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initial issue. Thus, the material presented below is limited to available and
relevant information which may prove useful as a starting point for such a

longer-term effort.

Organization and Content

To avoid the use of a dual numbering system, paragraphs in the remainder of
this appendix are identified by the section/paragraph numbers and titles speci-
fied for the svstem specification in MIL-STD-490. For reference, an outline of
that specification structure as a whole 1s reproduced in Figure A-1. (Note:

the coverage provided herein extends only through Section 3.)

Guidance material presented in the following pages is organized around
successive, relatively short groups of related specification paragraphs. The
material associated with each group consists of information derived from three
sources: (a: content of the basic SD guide; (b) content of a 'model specifica-
tion” which was printed originally as an appendix to the SD guide; and (c)
comments bv the author of this SAM guidebook on significance of selected topics
to electronic svstems. For ease of ready identification by readers, those
three kinds of content are presented in different tvpe style or format, as

illustrated in the explanations provided below:

Paragraph x.x, Basic SD Guidebook. This element, taken from Mr. Wade's guide-
book, incorporates instructions extracted from MIL-STD-490 for the identified
section or paragraph, explains the instructions, and contains additional notes
to assist gpecification writers to interpret their applicability.

X.X Model Specification. This element is also drawn from the SD guide,
It provides direct illustrations of the MIL-STD-490 format and "boiler-
plate" requirements statements for each section/paragraph, to which each
specification writer mayv then add statements peculiar to his own system
program.

ELECTRONIC SYSTEMS - COMMENT. This element does not alwavs appear. When it
does, 1t consists of comments on selected portions of the svstem specification
which are judged to be of particular interest or importance to computer
resnurces aspects of electronic systems.
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Section 1, SCOPZ. As shown in the Model Specification, the first section,
SCOPE, starts on page 1 of the specification.

Subsection 1.1, Purpose. The material to be included in this subsection should
consist of a clear, concise abstract in one paragraph of the scope and purpose
of the coverage of the specification. If desired, a concise statement of the
intended application of the specification may also be included.

Subsection 1.2, Classifications. This subsection is included in the event that
different classifications of the space system are to be covered by the specifi-
cation. Because various classifications of space vehicles or other items that
might be identified in lower tier specifications are usuallv all part of the
same svstem, the "Not applicable" entry shown in the Model Specification is
usaually correct.

Note that there are minor differences in 1.1 and 1.2 between Appendix I
of MIL-STD-490 and the general requirements for Section 1 given in the
podv of MIL-STD-490. The guidebook presents a reasonable resolution

of the discrepancies.

1. SCOPE

1.1 Purpose. This specification sets forth the requirements for the
design, development, manufacture, test, and quality assurance of the (in-
sert nomenclature) space system hereinafter referred to as the system. The
requirements covered bv this specification are applicable to the (insert
nomenclature) svstem which is a major element of the (insert program iden-
tification). These requirements shall be the basis for the preparation of
more detailed requirements to be included in:

a. subsequent revisions of the system specification, and in related
system documents, such as interface control documents (ICDs);

b. specifications for the system segments and for configuration items
(Cls) at lower levels of assembly.

1.2 Classifications. (Not applicable).

Section 2, APPLTCABLE DOCUMENTS. As shown in Section 2 of the Model Specifica~
tion, Governmental dncuments are listed in subsection 2.1 in numerical order
under each of the subheadings shown. Non-governmental documents are listed in
subsection Z.2. Non-governmental documents are those not issued bv anv govern-
mental organization such as documents issued bv technical associations, tech-
nical societies, commercial organizations, and contractors.

The words, subheadings, and format should be followed with the understanding
that subbeading= will be omitted if thev do not contain apnrlicable documents.
A parenthetical source statement should follov each group of related
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publications indicating the address of the source of the document so that
cepies mav be obtained directly from the source.

ALl and only these documents identified and referred to in Sections 3, 4, and

5 of the specification, or in mandatorv compliance appendices, are listed in
Section 2 of the specification. It must be understood that the whole of
referenced documents is not made applicable bv their inclusion in Section 2.
The extent c¢f applicability is oniv that which is clearlv defined, and speci-
ficallv indicated, at the place it is referenced. The documents listed ir
Section 2 of the Model Specification are thiose that are alreadv referenced in
the boilerplate recquirements of the Model Specification. As other requirements
are added during the preparation of a particular system specification, other
documents mav be referenced and they would also be added in Section 2. Govern-
ment regulatory documents, such as directives, regulaticns, manuals, pamphlets,
and policies are not usually cited for compliance. These documents are
generally intended for internal use bv governmental organizations only and are
net intended for contractor use. Contractors' internal specifications or
documents are not usuallv cited for compliance because thev are tvopically for
internal! contractor use and are not readily available to reviewing organiza-
tions nor are thev so general as to be directlv applicable or transferable to

a different contractor.

Nete that a specific issue, revision letter, and the date of issue is given for
each of the referenced documents. The revision letters, amendments, notices,
an! effective dates shown for the documents listed in the Model Smecification
mav not be current; thev will requirz updating to the date of issue for each
specification. Note that amendments to militarv specifications supersede
earlier amendments so onlv the most recent would be listed. Notices, however,
are cumulative and onlyv those notices to be made applicable would be listed.

If all "m" notices were applicable, they would be listed as notices "1"

through "m" with the date being that for notice "m”. Note that the preferred
method of stating the date of issue for each document is as the vear, month,

and day. The vear would be given in two digits, the month in three capital
letters, and the day in two digits. If a different date format is used, it
should be used consistently for all of the documents listed. As the acquisition
process moves forward, manv of the specific documents referenced mav be amended,
revised, or superseded. Just because a referenced document may have been
updated does not mean that the revision should be referenced. The actual
uvpdating of the date of issue for each of the references in the specification,
however, must be considered and controlled by the program offices in the same
manner as anv other changes in the specification.

Nete that the preparation of this section deviates in some areas from the
requirements in MIL-STD-483 and MIL-STD-490. Tor example, MIL-STD-490
atates that Government regulations and acts of Congress should be refer-
enced in specifications whereas those "internal" document references are
nc longer accentavle.
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2. APPLICABLE DOCUMENTS

2.1 Governmental documents. The following documents of the exact

issue shown form a part of this specification to the extent specified

herein.

SPECIFICATIONS:

Federal
Militarv

DOD-E-8983C
77 DEC 29

MIL-M-38310B
74 JUN 15

DOD-W-8357A
77 DEC 22

MIL~S-83576
74 NOV 01

DOD-~A~83577A
78 MAR 15

DOD-E~83578
79 OCT 01

Electronic Equipment, Aerospace, Extended Space
Environment, General Specification for

Mass Properties Control Requirements for Missile
and Space Vehicles

Wiring Harness, Space Vehicle, Design and Testing,
General Specification for

Solar Cell Arrays, Space Vehicle, Design and
Testing, General Specification for

Assemblies, Moving Mechanical, for Space Vehicles,
General Specification for

Explosive Ordnance for Space Vehicles, General
Specification for

Program Specifications

(TBS)

Other Government Activity

STANDARDS:
Federal

Militarv

MIL-STD-1472B

74 DEC 31
Notice 1
76 MAY 10

MIT-STN=-1522
72 0L 0]

Human Engineering Design Criteria for Militarv
Svstems, Equipment and Facilities

Standard General Reaquirements for Safe Nesign and
Operation of Pressurized Missile and Space Svstems
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DRAWINAGS: (Where detailed drawings referred to in a specificatrion are
listed on an assemblv drawing, it is onlv necessarv to list
the assembly drawing.)

OTHER PUBLICATIONS:

Manuals

Regulations

Handbooks

MIL-HDBK-5C Metallic, Materials and Elements for Aerospace
Vehicle Structures

MIL-HLBK-17A Plastics for Flight Vehicles - Part 2, Transparent
Glazing Materials

Bulletins

(Conies of specifications, standards, drawings, and publications required
by suppliers in connection with specified procurement functions should he
obtained from the contracting office or as directed bv the contracting
officer.)

2.2 Non-governmental documents. The fnllowing documents of the exact

issue shown form a part of this specification to the extent specified
herein.

SPECTFICATIONS:

S.ANDARDS:

DRAWINCS:

OTHER PUBLICATIONS:

{Technical societv and technical association specifications and standarcds
are generallv available for reference from librairies. Thev are also dics-
tributed ameng technical groups and using Federal agencies. The contract-
ing officer should be contacted regarding the availabilit~ of anv refer-

i enced dncument not readilv available from other sources.)

Sect:on 3, REQUIREMENTS. As shown in Section 3 of the Model Specification, the
requircments should be stated in terms of performance, reliabilitv, design
cnnstraints, functional interfaces, etc. that are necessarv to assure a
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nractical and reasonahle development effort. The requirements should cleariv
describe the space svstem and should include any unique space requirements suct
as for manufacturing process control of critical items. Note that the ma‘cr
eiements of the space svstem mav include ground equipment as well as the spaze
eauinment. Kecuirements that are onlv apvlicatle to some cf the elements shoulic
nct he stated in wavs that would make those requirements applicable to the
entire svstem. Functional statements ¢i{ the requirements chould predominate ir
svstem specifications with fabrication cetails specified orlv to assure matching
interfaces with existing elements., As the accuisition progresses the TBSs and
Tius would be determined and tnose requirements woulid be incorporated in tne
spe.ification and, if appropriate, ir lower tier snecifications. The majcr
vriort in the initial phases of a vprogram i< 1ir the allocation of the require-
ments tc lower levels of assemblv and the preparation of specifications for the
svstem segments and lower tier Cls.

Relerencing militarv, federal, and DoD adopted inductrvy specifications anc

standards is the approved method for establishine requirements that are ade-

cuatelv xet forth in the rererenced documents. Before referencing anv document,

ne sure Lo read the specific issue of the referenced document to assure the

apprlicability of the requirements. Tailorine the references should be accom-

plished to limit the externt of ap»licabkiliitv of the requirements sucn as iilus-

rated in the following examples:
4.  "The design of e¢lectronic components shall be in accordance with

DOD-E-8983" would incorporate onlv the design requirements of DOD-E-
2983 for all efectronic components covered by the specificatic- (both
sround and spavel. The qualitv assurance provisions wculd not be made
applicatie bv such a reference.

. "The decign of the receiver X shall be in accordance vith DND-E-B083"
wonid incorporate oniv the design recuirements of DOD-E-89€35 for
recejver X, hat no' for anv other possible receivers or anplications
I, the svetem being snecified.

cvtronic components for snace vehicle apnlications shall be in

ardance with DOD-E-3983" makes all reouirements (design and qualitvy
assurance) in DOD-E-8983 anplicable to the electronic components to he
used in spase venicles covered by the specification. Recuirements in
DOD=F-HOES would not be made applicable to ground components or to
airerait comnonents bv such a reference.

Lo NeneYal rule, prowran Deculiar iten specificat:iens external to the svster

o omnecitied snouwid not he referenced excent to a1dentifv an interface.
toonly e applicabie requirements should be exiractea and incorporated in
1ot aret

Coo el Detindtions The intent of the materis inciuded in this subsec-
Glel cubller paragrapns 1e beocgearit detine tne <vetem that is being
et AS Wit anvy delinitieon, the antent ¢ onot to =tate detailed "enniy”
retente but o to o wlirp D desoribe the svoter o ang t cdentife jts ma‘or
viement o0 fre Yun tional o areas o oan it un tions T and mhiveical
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interfaces. Depending upon the amcunt of svstem engineering that mav have been
completed and the complexitv of the svstem being specified, the definition
subparagranhs mav include: block diagrams: functional diagrams: logic dizgrams;
schematic diagrams; specification rrees: pertinent organizational. operational,
and logistic concepts; identification of major svstem segments:; and anv other
vertinent descriptive materiai.

These definition paragraphs are particularlv important in a space svstem speci-
fication. 1In fact, ir the initial draft of a space svstem specification, sub-
cection 3.1, Definition, mav have conlwv text because defining the svster beiug
specified is alwavs the first sten for pregrams control. As the studies,
analvses, and svstem development progress. additional recuirements can be
stated. Eventually the subtier elements of the svstem can be identified to
provide the framework of standard terminologv to be used. Bv that means all
varticipants can reccognize common items, tasks, schedules, costs, interfaces,
cr other common elements of the svstem and of the program. Although the
orimary focus in these paragraphs is on the description of the space svstemn,
including its subtier elements, the svstem interfaces with the rest of the
world are also to be identified, These external interface descriptions mav
invelve references tc other svstem specifications, or to documents prepared b~
other agencies. It is important to recognize the "uncontrollaed" neturc of these
external interface references. For example, a DoD space svstem specificartion
mayv describe an interface bv referencing a Space Transportation Svstem speci-
fication issued bv NASA. That reference, however, does not assure that the
actual interface is as described or that it will not be changed by NASA at
some later time.

In the earlv phases of a syvstem acquisition, the referencing of higher level
specifications or external documents is the only reasonable course te fellow in
describing the interfaces. As the acquisition progresses, an effort should be
made tco eliminate these external "uncontrolled"” references. This can be
accomplished by the preparation and joint approval of interface control docu-
ments. The interface control documents could then be referenced in the speci-
fication or thev could be the basis for the direct incorporation of the defirni-
tized interface requirements. Eventuallv, detailed configuration item (CI)
specifications would be prepared for the actual procurement of the various
svstem elements. These CI specifications should be 'stand alone" documents and
shouid not reference higher level specifications or externallv controlled docu-
ments. This practice avoids the possibility of two documents each referencing
the other, and each document stating that it takes precedence over the other
document.

Bv including the definition in the requirements section of the specification,
contractors and others using *he speci’ication can recognize the intent tc
agsure coupliance with the space svstem description given. Although require-
ments mav include definitions, it should be noted that definitions are not an
appropriate place to include detailed design or test requirements. This sec-
tion and the subparagraphs are definitions that are interded to be descriptions
of the svstem to be fulfilled bv the detailed design, as opposed to stating
"shall" requirements or specifving a precise set of verifiable rerformance
requirements.
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Ax shown in the Model Specification, 3.1, Svstem definition, is usually verv
brier with most of the required text entirely within subtier paragraphs.
Usually a list of functional areas of the svstem is included and a list of
subtier elements of the svstem is also included in 3.1. These lists are simply
for the convenience of those using the specification and are incorporated into
the specification when the information becomes available. For example, the
prime configuration items are not usually identified preciselv until after the
svstem specification has been fullv completed. Of course, the lists shown in
the Model Specification are tvpical and should be changed to conform to the
particular svstem being specified.

Paragraph 3.1.1, General description, is the paragraph that contains an expanded
description of the svstem from that given in 3.1 and identifies the functional
areas and the relationship of the system being specified to other systems. 1In
that context the program should be brieflv described in terms such that all
svstems or other major elements of the larger program are identified.

Paragraph 3.1.2, Missions, is included to provide a descriptiorn of operational
missions and related information that could affect the design.

Paragrapn 3.1.3, Threat., is included to identify votential threats to the
svstem that should be considered in the design so that the svstem performance
would not be jeoperdized even if the threat conditions materialized. For space
elements it might include nuclear attack, peilet attack, laser attack, elec-
tronic jamming, all of the above, c¢r none of the above. For ground elements it
might include conventional weapons, sabotage, nuclear, or whatever. The Model
Specification takes the easy wav out and suggests (Not applicable). Of course,
that mav not be the correct entrv for a specific svstem.

Paragraph 3.1.4, Svstem diagrams, should incorporate the top level functional
flow diagrams. If a top level functional flow diagram for the program is devel~
oped it should be incorporated into this paragraph. The program level diagram
provides the framework for describing the svstem being specified, the interfaces
with other svstems, and for expanding the functional flows to lower levels. 1In
anv case, the top-level functional flow diagrams for the system would be
incorporated. The svstem functional flow diagram should be an expansion of the
applicavlie program level functions.

When available, layout drawings or other graphic nortraval which establish the
general relationship of functional areas and the major elements of the svstem
should be included.

When the subtier elements of the svstem have been identified, a specification
tree should also be incorporated. A specification tree is a configuration item
nriented diagram or chart that shows the -llocated Cls that make up the item
being specified. The specifications which identifv each subitem would be shown
on the tree. Other specifications which serve to identify external interfaces
including the government-contractor interfaces mav also be shown. The specifi-
cation tree for the entire program should be included, if it is available, to
assist in the identification of the svstem interfaces. 1In anv case, the space




svstem specification tree would be incorporated to identifv the svstem segments
and as many of the subtier Cls as possible, This specification tree for the
svstem does not need to be complete, particularly at the lower tier levels, but
the CIs that can be identified will provide a framework for correlating the
hardware, the statement of work tasks, the work breakdown structure (WBS), the
cost reporting requirements, the program scheduling, and the data items required
to properly manage the program. The specification tree, or equivalent inden-
tured list of CIs, is needed bv all of the program participants as earlv as
possible to serve as a common means of identification of the program elements.
If the specification tree is depicted in a separate document or drawing whose
size prevents incorporation into the snecification, it is referenced bv docu-
ment or drawing number.

3. REQUIREMENTS

3.1 Definition. The space system is an element of the (insert pro-
gram). The svstem is subdivided into the following svstem segments:

a. Space system segment which includes the following identified con-
figuration items: (TBS)

b. Ground terminal system segment which includes the following con-
figuration items: (TBS)

c. Data reduction svstem segment which includes the following con-
figuration items: (TBS)

3.1.1 General Description. (TBS)

3.1.2 Missions. (TBS)
3.1.3 Threat. (Not apvlicable)

3.1.4 Svstem Diagrams.

3.7.4.1 Functional Flow Diagrams. The top functional flow diagram
for t - svstem is shown in Figure 1. First-level flow diagrams for
operational, maintenance, test, and activation functions are shown in
Figures 2. 3, 4, and 5. (TBS)

3.1.4.2 Specification Tree. The specification tree for this svstem
ie shown in Figure 6.

FLECIRONIC SYSTEMS - COMMENT:

Samples of functional flow block diagrams reproduced from the svstem specifica-
tion for a large data processing svstem are provided in Ampendix C of this
i1dehook.
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Paragraph 3.1.5, Interface definitions, may bhe a heading (title) with subpara-
graphs, or text mav follow the title. The paragraph should identifv all func-
tional and physical interfaces that must be considered; however, the interfaces
should not be specified as precise inputs, outputs, and dimensions that will
require inspection for verification. Usually references are made to the func-
tional diagrams and to the specification tree included in 3.1.4 to help identify
the various interfaces.

Interface control drawings and other engineering data may be referenced if
helpful to define all functional and physical interfaces required to make the
svstem compatible with other items. Although the details of the interfaces
mav be stated in these referenced documents, the details should be repeated,
bv extraction or by reference, in the appropriate subparagraphs such as in
3.2, 3.3, or 3.5 because paragraph 3.1.5 is still part of the definition sub-
section.

At some point in the development of the system, it will be possible to identify
the interfaces between the subtier system segments that are part of the system
being specified. Usually the description of these internal interfaces would
reference the specification tree for the space system included in 3.1.4. As
with the system external interfaces, these internal interfaces are onlyv defined
in this paragraph and must be detailed in the 3.7 paragraphs where the system
segment characteristics are stated. Where interfaces may differ due to changes
in operational mode, thev shall be stated in & manner which identifies specific
interface requirements with each different mode.

3.1.5 Interface definitions. The space system interfaces with other
elements of the space program are defined in Figure 7. (TBS)

L

ELECTRONIC SYSTEMS - COMMENT:

Instructions in MIL-STD-490 require that this paragraph not only idemtify inter-
faces (a) with other systems and (b) among major parts of this system but that
it also provide (either directly or by reference) engineering data to define
both functional and physical interfaces precisely. This area poses many prob-
lems and potential pitfalls for software, in particular:

a. The normal expectation based on aerospace vehicle and other hardware experi-
ence is that manv of the phvsical interfaces will be defined late in a
svstem program [(typically, 'bv CDR'™), then added to this part of the svstem
specification bv reference to ICDs.

jon

¥ith verv few exceptions, however, precise definitions of all interfaces
affecting software should be completed and available for identification
in the svstem specification bv the end of a validation phase. ICDs are
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seldom useful for this purpose (for further discussion of considerations
pertaining to software/software and software/hardware interfaces, see
ref, 18, para. 3.4).

c. Interface information for a large electronic svstem is typically extensive.
Careful planning is needed to avoid unnecessarv redundancv, as well as the
frequent errors of inaccuracy and omissions. ‘''Interfaces' are alsc perfor-
mance characteristics to be specified in 3.2.1, and further amplified for
each system segment in 3.7. Although inconvenient to users, the liberal
use of cross-referencing is often preferable to repeating the same precise
definitions in multiple locations.

Paragraph 3.1.6, Government furnished property list, usually onlv consists of

a list of the Government furnished property which the system shall be designed
to incorporate. This list must identify the property by reference to its
nomenclature, specification number, and item number if available. TIf the list
is extensive, it mav be included in an appendix or in a separate specification
supplement or other document which would then be referenced in this paragrapbh.
The list in the Model Specification is typical and should be changed to conform
to the particular system. Specific quantitites, including spares, should be
indicated. If there is Government property that is essential to the svstem
development that can be loaned for that purpose, it should be listed separatelvy
in this paragraph. Government property which can be made available to support
the system and can be loaned to the contractor might include computers, soft-
ware, tools, and trailers. Often the correct entry under the '"For loan"
heading is (Not applicable). The schedule of availability and associated
costs, if any, for the use of Government-loaned propertv should not be stated
in the specification.

3.1.6 Government furnished property list.

3.1.6.1 Tor incorporation. The following GFP shall be incorporated
into the system as indicated:

a. COMSEC equipment (TBS)
b. Rocket motors (TBS)

c. Explosive ordnance (TBS)
d. Payload eguipment (TBS)
e. Propellants (TBS)

3.1.6.2 For loan. The following Government property mav be loaned
for use in developing the system: (TBS)
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Paragraph 3.1.7, Operational and organizational concepts, is usually included
in a system specification to provide operational information that could help
define the system and that could affect the design such as:

a. The basic performance parameters upon which the using activities
can base tactics which utilize the capabilities of the system and
which should be recognized in the design.

b. Description of the mission in terms of relationships to other items
of the cystem or to other systems.

¢. Anticipated deployment of the svstem equipments, both geographicallv
and organizationally, such as the number of operational vehicles,
number of ground support installations and their operating locations.

Note that the Model Specification provides general words for a space svstem
where the space vehicle is launched using either the Space Tramnsportation
Svstem (STS) or is launched using an expandable launch vehicle. The require-
ments should of course be worded to reflect the actual operational concept.

In addition, anv organizational concevts that could affect the design should
be included in added paragraphs.

3.1.7 Operational and organizational concepts. The system supports a
space vehicle launch and possible retrieval using the Space Transportation
Svstem (STS) or for launch using the (TBS) expandable launch vehicle.
On-orhit operations are planned to be controlled from the mission control
center (MCC) located (TBS) and remote tracking stations (TBS).

3.1.7.1 STS operational concept. The following STS operational con-
cept is supplied as a guide for use in the system design and for the
preparation of operational plans and test plans:

3.1.7.1.1 STS prelaunch. The space vehicle would be transported from
storage or directly to the launch base where final space vehicle prepara-
tions and checkout would be accomplished at the Payload Preparation Room
of the STS launch facility. Final intersegment and launch verification
tests would be accomplished after space vehicle and associated equipment
installation in the STS and prior to launch.

3.1.7.1.2 STS launch. During STS ascent to the parking orbit, various
space vehicle subsvstems or system equipments may be powered on or turned
off in order to provide protection from the STS environments or to comply
with STS safetv requirements. Space vehicle telemetrv to monitor vehicle
status would be provided to the STS for monitoring and retransmission (in
real time or playback) to the ground monitoring stations.

3.1.7.1.3 STS parking orbit operations. While the space vehicle is
attached to the STS, vehicle telemetry to monitor vehicle status continues
to be provided to the STS for monitoring and retransmission (in real time




or plavback) to the ground. When the space vehicle is released from the
STS, responsibility for monitoring and control would be transferred to the
ground mission control center (MCC). The STS mav provide assistance fer
the resolution of anomalies when requested bv the MCC. In the event of
unsatisfactory deployment or unsatisfactory space vehicle checkout, the STS
would retrieve the vehicle and return to the launch site.

3.1.7.1.4 Space vehicle orbit injection. After release bv the STS and
successful vehicle checkout and appendage deployment, the vehicle would
boost itself (or would be boosted) into its operational orbit under command
from the ground.

3.1.7.2 Expendable launch vehicle operational concept. When the use of
an expendable launch vehicle is plauned, the fcllowing operational concept
is the guide for use in the system design and for the preparation of opera-
tional plans and test plans: (TBS)

3.1.7.2,1 Prelaunch. The space vehicle would be transported from
storage or directlv to the launch base where final vehicle preparations and
checkout would be accomplished on the launch vehicle after mating. Final
intersegment and launch system verification tests are accomplished prior to
launch.

3.1.7.2.2 Launch and injection. During launch and injection to the
operational orbit, the variocus vehicle subsvstems may be powered on or
turned off in order to provide protection from the launch and injection
environments or to comply with other specified requirements. Space vehicle
telemetrv to monitor vehicle status would be provided during launch and

3.7.3.3 Mission completion. At the completion of the space vehicle
mission, the space vehicle would be either deboosted to the STS retrieval
orbit, de-orbited, or all equipment would be commanded off. For STS re-
trieval, the space vehicle provides space vehicle safety status and other
required verification data to the STS. Once captured, the space vehicle
would be stored in the STS payload bay. In the event of an unsuccessful STS
retrieval, the space vehicle would be de-orbited. At the appropriate point
in the orbit the STS would de-orbit and return to VAFB. After STS vrolicut
and safing, the STS would be broughr to the STS Processing Facility where
the space vehicle would be removed and processed for transportation tc the
factorv. Also, in the event of an aborted STS launch, it would be at this
point that the space vehicle would be recycled back to the launch pad or to
the factory. (Where mission completion consists of command all equipment
off, that should be specified instead of retrieval or de-orbit. Where it
is planned that a space vehicle launched using an expendable launch vehicle
mav be retrieved or serviced using the STS, specific on-orbit or mission
completion requirements would be described.)
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Subsection 3.2, Characteristics. This subsection generally starts with a title

heading for the paragraphs that follow. The intent of the material included in
this subsection is to clearly state in quantitative terms the pertinent per-
formance requirements and physical characteristics of the system. Requirements
that are applicable to a system segment or to a single prime CI, such as the
space vehicle, should be stated in the appropriate paragraph in subsection 3.7
and not in this subsection.

Paragraph 3.2.1, Performance characteristics, includes general and detail
requirements, under appropriate subheadings, for all performance requirements,
i.e.. what is expected of the system including both the range of values and
tolerances. Again note that the combined performance of the entire system, or
at least that of two or more of the system segments, are addressed in this para-
graph and the subparagraphs. The performance of a single system segment or of
an individual CI would be addressed in subsection 3.7. Other subparagraphs for
other performance characteristics may be added in this subsection depending upon
the svstem. Other tvpical headings may include deployment, instrumentation,
design commonality, and reference timelines.

Paragraph 3.2.1.1, Operational phases and modes, identifies each of the opera-
tional phases and modes. Phases may include launch, on-orbit, ground operationms,
reentryv, and recovery although there may be other phases that could be appropri-
ate to a particular system such as: (a) surveillance, (b) threat evaluation,

(c) target designation and acquisition, (d) weapon deplovment, and (e) data
reduction. Modes may include various configurations, power levels, or other
differences that mav occur during one of the phases that requires special design
attention.

Paragraph 3.2.1.2, Dynamic, states the svstem dynamic performance parameters
required for each phase and mode.

Paragraph 3.2.1.3, Endurance, states the guantitative
ance capabilities of the system required to meet user
environmental and other conditions, including minimum
The required mission duration and planned utilization

criteria covering endur-
needs under stipulated
total life expectancy.
rate in the various modes

should be indicated. The endurance requirements stated in the Model Specifica-

tion are tvpical and should be changed to the times and recuirements of the
specific svstem.

3.2 Characteristics.

3.2.1 Performance.

3.2.1.1 Operational Times and Modes. (TBS)
3.2.1.2 Dvnamic. (TBS)

3.2.1.3 Endurance. The ground based elements of the svstem shall have
a design service .ife of 20 vears. The elements of the svstem associated
witn the STS Orbiter operations shall hav: a desien service life of 15
vears. The on-orbit design life of the space vehicle. as mav be limited bv
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mechanical wearout, battery life, solar arrav life, or the exhaustion of
expendables, shall be no less than five vears. The design of the space
vehicle shall be such that space vehicle storage, under controlled condi-
tions, may be planned for as long as four vears. The design service life
of the space vehicle shall be ten vears based on the sum of the allowed
storage time, pre-launch checkout time, launch and injection time, on-orbit
time, recoverv time, and contingency time. (TBS)
i
3.2.1.4 Other. (TBS)

ELECTRONIC SYSTEMS - COMMENT

Note that the performance requirements to be soecified here are those which per-
tain to the svstem as a whole, or are common to two or more segments. These are
later apportioned to each system segment (in subsection 3.7), normally bv refer-
ence to this paragraph, together with additional requirements peculiar to the
individual segments. Jointly, the performance requirements set forth here and

in 3.7 constitute the principal content of the suystem specification as ¢ wncie
as it pertains to requirvements for system software. These are the requirements
upon which development (Type BS) specifications for CPCIs will be based. The
information should normally be extensive, in that it should nrovide a definitive
translation of operational, organizational, and support concepts described in

the nreceding paragrarh 3.1 into a complete set of implementing, data nrocessincg
operations.

All system functions required to perform the mission described nreviouslv in
paragraph 3.1 are to be identified. A subparagravh should be devoted to each
function which smecifies required nerformance associated with the function in
terms of capacities, loads/volumes of data, reaction times, accuracies, and
other relevant characteristics. The proper "level' at which these requirements
should be specified varies with the system and particular function being sveci-
fied. Generally, the objective is to define required svstem capahilities
comprehensively, but at the same time to avoid details which can be amplified
later within the intended scope. As an example:

"Each intercept direction center shall be capable of scrambling intercep-
tors from up to 6 airbases. ... Guidance commands shall be computer-
cenerated and displaved to weavons team personnel to permit voice control
of manned interceptors on (tvpes cf missions, tvpes of interceptors, num-
ber of interceptors controlled, frequency of comnuted commands, handling
of aborted missions, etc.) ... When interceptors follow the commands, the
following accuracies shall be achieved at least R7% of the time: The
difference between actual and specified crossing angle at rollout shall be
less than 15 degrees; The intercept rollout point shall be within 4.5
miles of the desired rollout point; ...”

Such requirements, at the system level, are adequate to dictate the scope and
nature of amplitving detail which will then have tc be develoned for documen-
tation in the Tvme B> srecification for a CPCI. The latter must '"fill in"
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! extensive data to define, for example:| aquantitative flight characteristics of
each specified interceptor tvpe, together with tracking and other essential
inputs to the command computations; mathematical formulas (not algorithms) for
the computations, including timing and accuracies; tvypes of operating, alamm,
and other controller displays, together with detailed formats and contents as
a function of operating mode, intercept phase, and contingencies.

Paragraph 3.2.2, Phvsical characteristics, sets forth physical requirements in
the appropriate subheadings that are applicable to two or more of the system
segments. Phvsical characteristics include such items as weight limits and
dimensional limits necessary to assure physical compatibility with other pro-
gram elements and not determined bv other design and construction features or
referenced drawings. The paragraphs may also include considerations such as
tie down requirements for transportation, security criteria, durability fac-
tors, health and safety criteria, survivability, and vulnerability factors.
The physical characteristic requirements of a single system segment or of indi-
vidual CIs would be addressed in subsection 3.7 of the specification. Addi-
tional subparagraphs mav be provided depending on the system.

Paragraph 3.2.2.1, Mass properties, states requirements for limiting and con-
trolling the mass properties of the system elements. Usually general require-
ments are stated for space elements such as the space vehicle, the space
vehicle support equipment for use in the STS orbiter, and for the payload. In
addition, general mass property requirements for fixed and mobile ground equip-

ment is usuallv stated to avoid excessive floor or road loading or to allow
transportability.

Paragraph 3.2.2.2, Dimensions, identifies the coordinate systems used in the
svstem and any envelope constraints imposed on the svstem.

Paragraph 3.2.2.3, Power, states the requirements both for external electrical
power to be supplied to the various elements of the system and for power to be
generated by the various elements of the system and supplied to other items.
Care should be taken to distinguish between power supplied to, and power being
supplied from, each of the system items during each of the operating modes.

Paragraph 3.3.3.4, Durability, is a general motherhood requirement intended to
indicate the degree of ruggedness required.

Paragraph 3.2.2.5, Survivability, is where requirements would be stated for

consideration of atomic. chemical, biological, radiclogical, fire, and impact
vulnerabilitv and survivability.

3.2.2 Phvsica! characteristics

3.2.2.1 Mass properties. The mass properties of the space elements
shall be determined in accordance with MIL-M-38310. The weight of the
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space vehicle shall not exceed (TBS). The weight of the space elements
shall be controlled for the preservation of performance margins and as a
control of other mass properties. The recommended weight contingencv for
space elements is as follows:

a. Preliminary design - new equipment 20 per cent
GFE & existing equipment 5 per cent
b. Critical design - new equipment 10 per cent
CFE & existing equipment 3 per cent
c. Final design - new equipment 5 per cent
GFE & existing equipment 2 per cent

The mass properties of ground elements of the system shall be consistent
with their intended application. The weight of hand carried equipment
shall not exceed 10 kilograms (kg). The center of gravitv of ground equip-
ment shall be such that probable seismic activity will not cause the equip-
ment to upset. The weight of ground elements shall be controlled tc avoid
excessive floor loading for fixed equipment and excessive road loading for
mobile equipment. The weight of all equipment shall allow transportability
bv truck and C-5 eircraft.

3.2.2.2 Dimensions. The coordinate definitions and envelope con-~
straints for the system shall be as shown in Figure 3. For the spaceborne
elements, the envelope constraints shall be based upon the dynamic enve-
lopes encountered during factory assemblv, system test, transportation,
integration with the booster, launch, and other phases of operations.

3.2.2.3 Power. The primary electrical power on the space vehicle
shall be in accordance with MIL-STD~1539. The primary electrical power
supplied to the system equipment mounted in the STS Orbiter shall be (TBS).
The primary electrical power supplied to the ground based elements of the
system shall be (TBS).

3.2.2.4 Durability. The system equipment shall be so designed and
constructed that no fixed part or assembly shall become loose, no movable
part or assembly shall become undesirably free or sluggish, and no degrada-
tion shall be caused in the performance beyond that specified for the
system equipment during operation or after storage.

Paragraph 3.2.3, Reliability, and the subparagraphs state requirements for the
reliability of the system to perform within specified limits for the service
1ife of the svstem. Other subparagraphs may be added to cover areas other
than MTBF and redundancy.

Paragraph 3.2.3.1, Mean time between fajlures, is where MTBF requirements are
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stated for the svstem. The "boilerplate" in the Model Specification is tvpical,
but should be changed for each program.

Paragraph 3.2.3.2, Redundancy, is a tvpical general statement of redundancy
requirements for all elements of a space system. Specific requirements may be
addec, or changes to the "boilerplate" may be made based upon the system
requirements.

Paragraph 3.2.4, Maintainability, specifies the quantitative maintainability
requirements in the planned maintenance and support environments. The require-
ments mav include such items as:

a. Time values for mean and maximum down time, for mean times between
maintenance actions, for mean and maximum times to repair, for reaction
times, and for turnaround times.

b. Rate values indicating frequencv of preventative maintenance, for
maintenance man hours per specific maintenance action.

¢. Maintenance complexity including numbers of people, skill levels, and
variety of support equipment.

d. Maintenance action indices including maintenance costs per operating
hour and man hours per overhaul.

Note that contractor maintenance is generally applicable to space svstems and
that the same maintainability requirements are not usually upplicable to all
elements of the svstem.

3.2.3 Reliabilitv. The reliability allocations shall assure that the
overall mission reliability requirements are met under the most severe
extremes of storage, transportation, testing, and operations. To the externt
practicable, the svstem design shall be such that a failure in one component
snhall not propagate to other devices or components. Where practicable, the
space vehicle shall be capable of detecting malfunctions while in orbit and
automatically initiating protective measures to avoid catastrophic loss of
the space vehicle.

3.2.3.1 Mean time between failures. The mean time between failures
for the elements of the svstem shall be analvtically determined for each
operating mode. Piece part or component failure rates obtained from actual
usage data shall be used where available. Failure rates estimated from
standard data sources evaluated at anticipated overating conditions shall
be used when data under actual usage is nonexistent or inadequate. The
svstem reliabilitv shall be evaluated in terms of events and usage cvcles

that occur during a tvpical service life cvcle.
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[ The space vehicle probabilitv of survival curve shall be represented bv its
equivalent Weibull function:

e[—(t/o’)'ﬁ}

R(t) =
where ¢ = sgscale parameter
# = shape parameter

The space vehicle probability of survival for the nominal service life
shall be at least 0.5 assuming the probabilityv of launch success to be at
least 0.98. The space vehicle precbabiiity of survival shall include corn-
cideration of anv potential faillures in associated ground operations, such
| as commanding, that might not be corrected in time to avoid an impact on :
the space vehicle.

3.2.3.2 Redundancy. Redundancy to eliminate single point failure
modes mav be incorporated to meet the reliabilitv requirements, unless the
addition of redundancvy actuallv reduces overall reliabilitv due to the
added complexity. For designs that switch redundant units, components, or
subassemblies autonomouslyv, or by command, the failure rates for the
switching circuits., and for the redundant equipment while in :the off-line
mode, snhall be appropriatelv included in the reliability determination.
Where practicable, provisions shall be incorporated to verify the operation
of all switchable redundant paths without disassembly.

3.2.4 Maintainmability. To the extent practicable, the spaceborne ele-
ments of the svscem shall be designed so as not to require any scheduled
maintenance or repair during their service life. Where practicable, the
design of space elements shall incorporate test and telemetry points to
allow verification of functional performance and shall accommodate easy
installation and replacement of major subassemblies. Thne ground based
elements shall be designed with self test features. The ground based ele-
ments shall be designed using modular construction for ease of maintenance
to assure the equipment availability required to achieve the specified
service life and mission reliability.

Paragrapnh 2.2.5, Availability, states the availability requirements that may
include availabilitv for on-orbit operations, for launch readiness, and for
recoverv. Availability is the degree to which the svstem must be in an over-
able and committuahle state at the start of a mission where the mission is
cal.ed for at an unknown or random pcint in zime. When the STS is used, there
are limitations imposed, particularly during the prelaunch and launcnh sequence,
on access or availability of the svstem space equipment for test or mainte-
nance activities. When applicable, these limitations should be stated in this
paragraph because of their possible impzct on the space equipment design and

cn tne design and lccation requirements for ground support eguinment.
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Paragraph 3.2.6 Svstem effectiveness, is marked (Not applicable) because there
is not a consensus as to what it means. If there are requirements relating to
svstem effectiveness that are not covered in other paragraphs, they should be
included in this paragraph.

Paragraph 3.2.7, Environmental conditions, and the subparagraphs provide for
statements of the various environmental levels for the system during the various
operating phases. If environmental levels are specified, they should be the
design levels that include the desired margins. Where various levels are pos-
sible during a phase, the environmental levels specified should be a composite
that covers the maximum and minimum values. If the use of composite values is
not appropriate, a further subdivision should be used to make the necessary
distinction in design levels for the various configurations or categories. If
the svstem segments are different from each other, the environmental conditions
would be addressed only in 3.7. This paragraph would then state "(see 3.7)".

Paragraph 3.2.7.1, Launch environments, is intended to present the design
environmental requirements for all system items that undergo launch. This would
be specified as the STS payload environment for STS launches, the launch envir-
onment inside the nose fairing for an expendable booster if that is appropriate,
or it would be a composite of both launch modes.

Paragraph 3.2.7.2, On-orbit enviromments, states the design environmental
requirements for orbiting elements of the space system. This could include

separation fror the STS, injection, various on-orbit modes, and recapture bv
the STS as mav be appropriate for the particular program.

Paragraph 3.2.7.3, Ground environments, specifies the design environmental
requirements for the various elements of the space system that are intended for
ground installation and use. However, note that the orbiting elements of the
space system also have a ground environment prior to launch and possibly after
return from orbit. If any of the handling, transportation, or other ground
environments for any of the orbiting elements exceed the design values specified
for launch or on-orbit, then those ground environments should be specified.
Either added environmental protection could then be developed for ground opera-
tions or the ground environments would be considered in the design of the
orbiting elements.

Paragraph 3.2.7.4, Other environments, is intended to specify the design
environmental requirements for the various elements of the space system during
other applicable phases not covered by launch, on-orbit, or ground, such as
reentrv or crash.

3.2.5 Availability. (TBS)

3.2.6 Svstem effectiveness. (Not applicable)

3.2.7 Environmental conditions. To provide a design factor of safety
or margin, the various svstem CIs and their components shall be designed to
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function during, or if appropriate following, exposure tc environmental
levels that exceed, by the specified margins, the maximum levels predicted
for all applicable operational modes during the service life of the Cls.
Unless otherwise specified, the maximum predicted environments for the
spaceborne equipment shall be determined in accordance with the definitions
in MIL-STD-1540. Where practicable, each space component shall be designed
to operate continuouslv within an ambient temperature range of at least ~34
deg C to +7]1 deg C and at ambient pressures between sea level and deep
space,

3.2.7.1 Launch environments. The space elements shall be designed to
function within performance specifications after, or if appropriate during,
exposure in the launch configuration to environmental levels that exceed
the maximum predicted launch environments by the design factor of safetv or
design margin.

3.2.7.2 On-orbit environment. The space elements shall be designed to
function within performance specifications fellowing, or if appropriate
during, exposure in the on-orbit configuration to environmental levels that
exceed the maximum predicted on-orbit environemnts by the design factor of
safety or design margin.

3.2.7.3 Ground environments. These environments are those associated
with all operations of ground equipment and the operation on the ground of
the space equipment, including storage, transportation, and prelaunch
operations. The system CIs shall be designed to function within perfor-
mance specifications following, or if appropriate during, exposure in the
ground configuration to environmental levels that exceed the maximum pre-
dicted ground environments by the design factor of safety or design margin.

Paragraph 3.2.8, Nuclear control requirements, states the general boilerplate
requirements for controlling nuclear material. These requirements may include
component design, in-flight controls, and safety-related requirements.

Paragraph 3.2.9, Transportability, states the requirements for system trans-
portability. Make sure the last sentence in the boilerplate is consistent
with the ground environmental provisions specified in 3.2.7.3.

Subsection 3.3, Design and construction. This subsection generally starts with
a title heading for the paragraphs that follow. The intent of the paragraphs
included in this subsection is to clearly state design and construction require-
ments and constraints that may be applicable to the syvstem as a whole or to

more than one system segment. Design or construction requirements that are
applicable to a single svstem segment or to a single CI should be stated in

3.7, not here.
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Paragraph 3.3.1, Parts, materials, and processes, and the subparagraphs are
general boilerplate requirements for the svstem. Deletions or additions should
be made where appropriate to satisfy the requirements for a particular system.
If the paragraphs are not applicable they should be so marked. Note that the
management task of establishing a parts, materials, and processes control pro-
gram is not included in the specification, but would be stated as a task in the
SOW when it is a formal requirement.

Paragraph 3.3.2, Electromagnetic compatibility, states the general requirements
for EMC. 1If there are tempest requirements imposed on the system thev would be
staced also.

Paragraph 3.3.4, Workmanship, states the general workmanship recquirements
including the workmanship requirements for development models or prototypes to
be produced during the system development.

Paragraph 3.3.5, Interchangeability, specifies the requirements for the level at
which components shall be interchangeable or replaceable. Entries in this para-
graph are for the purpose of establishing a condition of design, and are not to

define the conditions of interchangeabilitv that are required bv the assignment

of a part number.

Paragraph 3.3.6, Safety, states the safety design requirements for avoiding
hazards to personnel and equipment. Safety related requirements applicable to

a single functional area should not be addressed in this paragraph, but would

be stated with the requirements for the functional area (in 3.7). Note that the
management task of establishing a safety program based upon an approved safety
plan is not included in the specification. If the management of a safety pro-
gram is desired, it would be stated as a task in the SOW and approval of the
safety plan would be required by an appropriate entry on the CDRL.

Paragraph 3.3.7, Human performance/human engineering, states general boilerplate
requirements for accommodating man-equipment interactions. This paragraph
should also specify any special or unique requirements such as any constraints
on allocation of functions to personnel and verbal communications. Specific
areas, stations, or equipment that require concentrated human engineering
attention to avoid critical human errors should be identified.

Paragraph 3.3.8, Computer programming, states general requirements applicable
to computer programs to be developed as elements of the system. These may
include use of standard programming languages, objectives for modular design,
and other design characteristics considered essential to minimize program
errors or facilitate their later operational use and support.

3.3 Design and construction

3.3.1 Parts, materials, and processes. Unless otherwise specified in
the contract, the parts, materials, and processes shall be selected and
controlled in accordance with contractor established and documented proce-
dures to satisfy the specified requirements. The selection and control
procedures shall emphasize quality and reliabilitv to meet the mission
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requirements and to minimize total life cvcle cost for the system. An
additional objective in the selection of parts, materials, and processes
shall be to maximize commonalitv and minimize the variety of parts, related
tools, and test equipment required to fabricate, install, and maintain the
svstem. However, identical electrical connectors, identical fittings, or
other identical parts shall not be used where inadvertent interchange of
items or connectors could cause possible malfunction.

3.3.1.1 Structural materials. Materials shall be corrosion resist-
ant, or shall be suitably treated to resist corrosion when subjected to the
specified environments. Structural properties of materials for use in
space applications shall be taken from MIL-HDBK 5 for metals and from MIL-

HDBK-17, Parts 1 and 2, for plastics. Properties not listed shall be
based upon material tests. (TBS)

3.3.1.2 Finishes. The finishes used on system CIs and their compo-
nents shall be resistant to corrosion. There shall be no destructive
corrosion when exposed to moderately corrosive environments such as indus-
trial environments or sea coast fog. Destructive corrosion shall be con-
strued as being anv type of corrosion which interferes with meeting the
specified performance of the device or its parts.

3.3.1.3 Material Selection. Materials shall be selected that have
demonstrated their suitability for the intended application. Materials
used shall be resistant to fungus. Use shall not be made of combustible
materials or materials that can generate toxic products of combustion.

Protection of dissimilar metal combinations shall be in accordance with
MIL-STD-889.

3.3.2 Electromagnetic radiation. The system shall be designed in
accordance with MIL-STD-1541. Tempest requirements are (TBS).

3.3.3 Nameplates and product marking. The system Cls and each inter-
changeable subassembly shall be identified by a nameplate. The nameplate
identification may be attached to, etched in, or marked directlv or the

item. Metal stamping shall not be used. Nameplates shall contain, as 2
minimum, the following identifications:

Item or CI number

. Serial number

Lot or contract number
Manufacturer
Nomenclature

o an op

When size limitations, cost, or other considerations preclude marking all
applicable information on an item, the nameplate mav simply provide a

reference kev to cards or documents where the omitted nameplate information
mav be found.
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3.3.4 Vorkmanship. Equipment shall be manufactured, processed, test-
ed, and handied such that the finished items are of sufficient quality to
ensure reliable operation, safety, and service life. The items shall be
free of defects that would interfere with operational use, such as exces-

sive scratches, nicks, burrs, loose materials, contamination, and corro-
sion.

3.3.5 Interchangeabiliry. The design of ground equipment shall
provide for modular replacement of components to expedite maintenance and
repair. The design of space elements shall provide for factory replace-
ment of components and for pre-launch installation or replacement of
explosive ordnance devices, batteries, and major space vehicle components.

3.3.6 Safety. The system shall be designed to minimize safety hazards
te personnel and surrounding equipment during installation, maintenance,
ground test, transportation, and operational use. The safety requirements

and procedures shall comply with all local, state, and federal requirements
as well as Range Safety manuals.

3.3.7 Human performance/human engineering. Newlv designed equipment
shall be in conformance with MIL-H-46855 and MIL-STD-1472, observing
principles and criteria set forth in AFSC Design Handbook 1-3.

3.3.8 Computer programming. Computer programs newly developed for this
program shall be designed and structured in such a way that functional
requirements and computer program components may be modified, added, or
deleted without requiring extensive restructuring and recoding of other

components. Programming languages shall be used as specified in 3.7.x.
(TBS)

ELECTRONIC SYSTEMS - COMMENT

Although the system specification is primarily a performance-oriented documen:,
subsection 3.3 provides a place for specifying those minimem design/construc-
tion requirements which are identified as being essential to effective Air
Force use or support of the system. Specification writers have the obligation
to assure that such requirements are: necessary, in fact; consistent with
estimated program schedules and costs; and also fully compatible with basic
performance requirements set forth in other parts of the specification.

It happens that paragraph 3.3.8 is the onlyv part ot a svstem specification for
which instructions contained in either MIL-STD-490 or 1! STN-483 make explicit
mention of computer programs. Possiblv due to that fact, there has been a
noticeable tendency to overemphasize its importance both as a part of this
subsection and in relation to other areas of svstem requirements (e.g., see
preceding comment on paragraph 3.2.1). One svstem specification was issued in
1979--admittedly, a "'worst case'--in which 3.3.8 alone occupied 12% of the
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page svace in the entire specification! However, it is clear that nceds exist
for better guidance in this area than has vet been :crmulated for general use.
Appendix B of this guidebook contains a sample of one approach which has been
proposed, together with further comrents on associated questions and problems

Subsection 3.4, Documentation. This subsection is where general documentation
requirements should be specified. It should be noted that no requirements for
the delivery of documents or data may be included in this paragraph, nor else-
where in the specification. Data or documents to be delivered for review or
approval must be listed in the CDRL and referenced in the contract. The
requirements included in this paragraph shculd outline the general plan for
engineering drawings, specifications, technical manuals and other types of

documentation required to support design reviews, manufacturing, testing,
cperations, maintenance, and logistic support.

3.4 Documentation. Only documentation listed in the Contract Data
Requirements List (CDRL) shall be formally delivered for review or
approval. It is intended, however, that during the course of the system
acquisition process appropriate results of trade studies, analvses, and
development efforts will be internallv documented to support design deci-
sions and scheduled technical reviews. The final system documentation
shall be such that subsequent production items can be produced that are
equivalent in all respects to those tested or delivered. This final docu-
mentation shall also be adequate to allow the rapid incorporation of
changes when necessary. Operational procedures manuals shall include
contingency prucedures to minimize the impact of possible anomalies.

CLECTRONIC SYSTEMS - COMMENT

1t is normally advisable to include in this paragraph requirements for computer
program documentation which will tend to enforce conformance with policies set
forth in AFR 800-14, Examples of statements to be considered are:

A1l computer programs developed as a part of this svstem program shall

be specified in accordance with the format and content instructions of
MIL-STD-485 (USAF), Appendix VI."

"Computer program specifications, manuals, handbooks, test, and version
description documents shall be maintained for the life of each CPCI to
reflect all Class 1 and Class Il changes, and the responsible computer
program develoner or support activity shall issue periodic reports to

enable verification of their status, in accordance with Appendix VIII of
MIL-STD-483."

Such statements function as requirements to be observed, not directlyv bv con-

tractors, but by Program Office personnel responsible for the preparation of
contract SOWs and CDRLs,
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Subsection 3.5, Logistics. This subsection states the logistic requirements
which constrain the system design. The allocation of the program level logistic
requirements to the system and to lower tier levels is generally based on mini-
mizing the program and system life cycle costs. Production quantitites, main-
tenance, and refurbishment opportunities for space svstems are extremely

limited when compared with other military equipment. This factor usually dic-
tates that the contractor be assigned responsibilities for legistic support for
the life of the system. Nevertheless, there may be requirements that should be
stated here to assist the contractor in the design.

Paragraph 3.5.1, Maintenance, would tvpically address such items as: (a) the
extent of maintenance to be accomplished at specified locations such as at the
launch site, on-orbit, at the landing site, at operating sites, at the depot if
one is to be used, or at the factory; (b) test, maintenance, repair, and refur-
bishment time lines; (c) use of multipurpose test equipment; and (d) the use of
module vs. part replacement.

Paragraph 3.5.2, Supply, would address such items as: (a) supply or resupply
methods: (b) special storage requirements for parts or items; (¢) introduction
of new parts or items into the supply system; and (d) distribution and location
of item stocks.

Paragraph 3.5.3, Facilities and facility equipment, would address the impact, if
any, on existing facilities and facility equipment or any requirements for new
facilities or ancillary equipment to support the system logistics. The facility
and facilitv equipment requirements would eventually be transferred to separate
facilitv specifications or other appropriate documents to support their procure~
ment. Generally facility procurements and space system equipment procurements
are entirely separate contracts.

3.5 Logistics. Equipment designs shall be based upon minimizing the
system life cycle cost assuming the contractors provide the logistic sup-
port for the system for its service life.

3.5.1 Maintenance. (TBS)

3.5.2 Supply. (TBS)

3.5.3 Facilities and facility equipment. (TBS)

ELETTRONIC SYSTEMS - COMMENT

The standard breakdown of this subsection into paragraphs for maintenance,
supnlv, facilities and facility equipment does not clearlv nrovide for computer
nrogram support, but that topic should be covered. A recommended approach is
to: (a) use the three standard paragranhs, as intended, for equipment and
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facilities only; (b) add a fourth paragraph entitled 'Computer Program Supnort'’;
and (c] insert a sentence into the basic paragraph 3.5 calling attention to this
organization. Requirements addressed in the additional varagravh (3.5.41 should
inciude identification of the responsible support center (e.g., NCPC, Sacra-
mento ALC, or other, following the initial period of contractor sumport), and
identification of support functions to be provided at the operating site(s).

In formulating requirements in the context of this topic (logistics), svecifica-
tion writers should be aware that '"'maintenance' is basicallv a misnomer for a2
computer program support activitv, which typically devotes the bulk of its
allocated time and effort to making modifications. Most of those modifications
mayv be minor and relatively routine; however, every 'fix" to a CPCI is a design
change, which implies that planning in this area must be closely linked with

planning for system/software configuration management (see AFR 800-14, Chapter
6, Section Q).

Subsection 3.6, Personnel and training. This subparagraph generallv starts with
a title heading for the paragraphs that follow. For space systems, most
personnel and training requirements are usually determined by the contractors.
If it is intended that military personnel will operate or maintain the system
equipment, it is important that the required number of personnel at each of the
available skill levels be identified. For contractor operation or maintenance
it would be appropriate to describe in general terms the educational background,
experience, or other qualifications desirable for personnel selected tc be
trained to operate and maintain the system. Care should be taken to avoid
overly restrictive personnel requirements because they can impose costly con~
straints on the equipment design and on other areas of the program such as

requirements for spares. The training paragraph could address such requirements
as:

a. The concept of how training should be accomplished, e.g., school, unit,
or contractor training.

b. The need for simulators, training aids, or other training equipment
or devices.

c. The expected training time and locations available for training
programs.

Subsection 3.7, Functional area characteristics. This subsection generally
starts with a title heading for the paragraphs that follow. A paragraph would
be established to address each of the system segments of the svstem that were
identified in 3.1 of the specification. The requirements in these paragraphs
mav be stated bv simply referencing the applicable system segment specificaticns
if they exist. For the space system, the system segment requirements mav be

so extensive that it may be desirable to simply prepare the space svstem segment
specification at the same time the space system specification is prepared. In
that case, the space system segment specifications will detail the svstem per-
formance characteristics, physical characteristics, special requirements, and
interface characteristics allocated to each functional area/svstem segment,

following the full range of format/content conventions which apply to the svstem
specification itself.
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3.6 Personnel and training.

3.6.1 Personnel. (TBS)

3.6.2 Training. (TBS)

3.7 Functional area characteristics.

3.7.1 Space cvstem segment. (TBS)

3.7.2 Ground terminal system segment. (TBS)

3.7.3 Data reduction system segment. (TBS)

Subsection 3.8, Precedence. Paragraphs in the Model Specification are typical
boilerplate for a system specification. They address (a) precedence as it
refers to potential conflicts with other, referenced documents, and (b) orders
of priority for requirements stated in the system specification:

Paragraph 3.8.1, Conflicts, states considerations in resolving conflicts that
mav occur with referenced documents. The general rule is that requirements
stated in a given document take precedence over conflicting requirements of
referenced documents. In the case of other system specifications, or documents
prepared by other agencies, it 1is especially important that conflicts be iden-
tified and resolved. The purpose of boilerplate words in the Model Specifica-
tion is to assure that conflicts with those other documents be made known and
directed to the Contracting Officer for resolution.

Paragraph 3.8.2, Requirements weighting factors, states the relative importance
of requirements stated within the specification, since those may not be equal.
Relative weights might be assigned to requirements in different areas, such

as interfaces, performance, or physical characteristics. The relative weight-
ing of individual factors by the manner in which they are stated, although
common practice, should be stated here if it is used. The suggested four
levels may be expanded, reduced, or not used at all in a given specification.
Note that these factors are appropriate only during early phases of a program;
they should not appear in product specifications intended to support a produc-
tion contract.

3.8 Precedence.

3.8.1 Conflicts. In the event of conflict between the documents ref-
erenced herein and the contents of this specification, the contents of this
specification shall be considered the superseding requirements, except when
a conflict involves interface requirements external to this system. 1In the
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event of conflicts involving external interfaces, the order of precedence
shall be as directed by the Contracting Officer.

3.8.2 Requirements weighting factors. Compliance with requirements
stated within this specification shall be governed by the following factors:

a. "Shall" designates the most important weighting level. Compliance
with these requirements is mandatorv.

b. '"Shall, where practicable' permits alternative designs, items or
practice to be used when the use of the alternative is substanti-
ated by documented technical trade studies. These trade studies
shall be made available for review or provided to the Government
in accordance with the contract provisions. Deviations from these
requirements do not require formal approval by the Contracting
Officer.

c. "Preferred" or '"should" designates requirements from which devia-
tions do not require either documented technical substantiation
nor Contracting Officer approval.

d. "May" requirements are stated as examples of acceptable designs,
items, and practices. Unless required by other contract provi-
sions, deviations from these requirements do not require technical
substantiation nor Contracting Officer approval.
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APPENDIX B. SAMPLE PARAGRAPH 3.3.8

Paragraph 3.3.8 1s a part of the svstem specification which is not mer:-
tioned in MIL-STD-490 but is called out for Air Force use in MIL-STD-483 ‘USAF),
Appendix II1 (para. 30.5). Its function is to provide a pvlace in the svstem
specification to specify requirements for computer programs that are comparable
to the tvpes of design and construction standards specified in other parts of
naragraph 3.3 as a whole for items of svstem equipment. It happens to be a
part of the system specification which has received widespread attention and
emphasis in the past few vears; and the resulting technical requirements con-
tained in various svstem specifications have tended to meet with almost-equallv

widesnread controversy.

One sample of specification requirements for this paragraph which has been
proposed for general use is reproduced below. 1t is presented here as an illus-
tration, not as a recommendation. The sample is followed, in this avpendix, bv
a few additional comments pertaining to its merits and shortcomings from the
point of view of acquisition management practices.

This general sample contains minimum
essential requirements and is intended
to serve as guidance for composing a
System "A" Specification Section 3.3.8.

3.3.8 Computer Programming. lomputer programs and computer data bases
shall be considered as software. Software shall be categorized as suprort
software or applications.

3.3.8.1 General Requirements. Software shall meet the following design,
language, and coding requirements:

3.3.8.1.1 Design Requirements

3.3.8.1.1.1 Computer Program Structure. The computer program structure
shall consist of Computer Program Configuration Item(s), Computer Program
Component (s), and Module(s).

a. Computer Program Configuration Item (CPCI). A CPCIl is the actual
computer program end item in the form of computer instructions stored on
machine-readable media. A CPCI shall consist of one or more computer pro-
gTam components.

e -— —_ — —_ —_ — — - .-
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b. Computer Program Component (CPC). A CPC is a functionally, logi-
cally distinct part of a CPCI. A CPC is identified for purposes of conve-
nience in specifying and developing a CPCI as an assembly of subordinate
elements. A CPC consists of a logical composition of one or more subordi-
nate or interfacing modules.

¢. Module. A module performs a complete logical process by execution
of a set of instructions which have clearlv defined inputs, processing
logic, and outputs. A module is the smallest se:t of executable statements
able to be assembled or compiled. Each module shall conform to the follow-
ing conventions:

(1) A module shall consist of a set of instructions in a form
consistent with the appropriate language, 0S, and computer.

(2) A module shall not exceed 100 lines of executable source
code. This limitation excludes comments and data definitions.

(3) A module shall have only one entr- statement and one exit
statement.

3.3.8.1.1.2 Top Down Design (TDD). Software developed under this contract
shall be designed in a top down manner. The processing activities of the
svstem shall be identified and organized beginning with higher levels of
organization, expanded and broken out to include a more detailed definition
of the processing activities by identification of subordinate levels. The
lowest level of processing shall correspond to the module.

3.3.8.1.1.3 Top Down Implementation (TDI)

The project software shall be implemented in a top down manner
as defined herein. C(onceptually, top down implementation proceeds from a
single starting point while conventional implementation proceeds from as
manv starting points as programs in the design. The single starting point
does not imply that the implementation must proceed down the hierarchy in
parallel. Socme branches intentionallv will be developed earlier than other
branches. For example, user or other external interfaces might be imple-
mented before some of the other partitions to permit earlv demonstration of
soitware subsvstem capabilities, partial software system evaluation, train-
ing, or even incremental software system acceptance. The proiect software
shall be implemented in a series of RELEASES which shall provide for
successive system capabilities.

3.3.8.1.2 Programming Languages. Software developed for this svstem shall
ne restricted to one or more of the following languages:

a. FORTRAN as per ANSI STD X 3.10 - 1966

b. FORTRAN as per ANSI STD X 3.9 ~ 1978
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c. JOVIAL J3 as per MIL STD 1588
d. JOVIAL J73 as per MIL STD 1589A
e. COBOL as per FIPS PUB 21-1

f. TEEE ATLAS Spec. 416A-1978

-

3.3.8.1.3 Coding Requirements.
3.3.8.1.3.1 Commenting Standards. Software developed under this contract
shall adhere to the following commenting standards:

3.3.8.1.3.1.1 Banners. A banner shall be a block of comments which appears
once at the beginning of each module. A banner shall visually break the
project software into units of codes corresponding to the CPCI decomposition
{module level). Banners shall have an identical format for each module
within a CPC. The banner shall enclose the following information: CPCI
title, CPIN, CPC title, and CPC number. The banner shall occur once in each
module listing, immediately preceding the header.

3.3.8.1.3.1.2 Headers. Headers shall consist of a block of consecutive
comments arranged to facilitate the understanding and readabilitv of each
module. This form of block commenting shall be used in lieu of individual
comments being scattered throughout a module. Headers shall occur once at
the beginning of each module and shall conform to the standards described
herein. The observer shall be able to read the MODULE-HEADER and understand
the processing activities of the module without having to read program code.
The minimurrequired MODULE-HEADER comments are described below. These
comments shall appear in the form and in the order illustrated below:

MODULE-HEADER COMMENTS
MODULE-NAME - Followed by a one-line functional description.

ABSTRACT - The ABSTRACT shall be a set of consecutive comments which
describe the module's purpose, use, and processing activities. Elaboration
on the technical aspects of the algorithms should be avoided where refer-
ences to external Government documentation would suffice. The ABSTRACT
should paraphrase the activities of the code in English terms. References
made to external Government owned documentation shall be listed in the
REFERENCES comment section.

REFERENCES - NO-1, TITLE, DATE (YY/MM/DD)
NO-2., etc.

INPUTS - Variables, Tables (local, svstem), files, and other data
input sources shall be identified separately as tr type, unit of measure,
size, limits and ranges of unit of measure, accuracy or precision
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requirements, frequencv of arrival.

OUTPUTS - Variables, Tables (local, system), Files and other data out-
put sources shall be identified in the same manner as inputs.

PROGRAMS CALLED - Names of other programs called followed by brief
abstract of purpose and pre and post conditions of each call.

LIMITATIONS - Description of any constraints upon the execution of the
program. For instance, conditions which would alter the logical operation
of the program or cause the results of the program's computations to be
altered.

MCDIFICATIONS - NO-1, MOD description, DATE (YY/MM/DD)
NO-2, etc.

3.3.8.1.3.1.3 Special Comments. Wherever code is particularly subtle or
confusing, SPECIAL-COMMENTS shall precede the statement(s) to describe the
activities of the subject code. SPECIAL-COMMENTS are provided only to aid
the observer in reading program code and are not intended to replace
MODULE-HEADER comments.

3.3.8.1.3.2 Structured Coding. Computer programs coded for the system
shall emplov only the control constructs listed below. These constructs
shall be built using logically equivalent language simulations. Imnstruc-

tions in the language used shall follow the graphic representations in
Figure 1.

a. SEQUENCE. Sequence of two or more operations.

b. IF-THEN-ELSE. Conditional branch to one of two mutually exclusive
operations and continue.

c¢. DO-WHILE. Operation repeated while a condition is true. Test is
before operation.

d. CASE. Select one of many possible cases.

3.3.8.2 Operating Svstem (0S) Requirements. The 0S shall conform to the
following requirements:

a. The 0S shall be a vendor-supplied, off-the-shelf package.
b. O0S augmentations shall be allowed but shall be limited to the
design of new software. No augmentations shall be permitted to be embedded

within the vendor supplied 0S software.

¢. For all augmentations, contractor developed software shall be
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developed to interface the vendor-supplied 0S for all OS augmentations.

d. No 0S interface or augmentation software shall compromise the
capability of the OS vendor to provide maintenance over the life cycle of
the systems.

e. No instructions shall be executed that will cause the computer to
halt processing pending an external event, except by the 0S. An exception
to this restriction shall be permitted for augmentations to the 0S where
the augmentation is designed as an extension of the processing control of
the 0S. The exception is subject to review and approval by the Government.

3.3.8.3 Firmware Requirements. Computer programs and data loaded in a
class of memory that cannot be dynamically modified bv the computer during
processing shall be considered firmware. Requirements on firmware shall be
the same as those on software. Use of firmware shall be subject to
approval by the Government.

3.3.8.4 Software Utility Services.
the following minimum capabilities:

This support software shall provide

a., Compilation.

b. Assembly which produces relocatable object code.

c. Linking type loader.

d. Generation, maintenance, and initialization of storage media for
programs and data.

e. Diagnostics to support fault isolatior.

f. Editing and debugging tools.

3.3.8.5 Message Generation. The generation of error/diagnostic messages
shall make a distinction between (1) the requirements for on-line messages
to facilitate real-time fault isolation required to maintain the svstem in
operational status and (2) the logging of fault messages onto svstem files
for the category of faults which require isolation and correction but can
be addressed off-line and do not degrade the svstem performance. The
required processing time to iden .fy and generate an error/diagnostic
message either for on-line or off-line 1isolation and correction shall not
degrade the operational requirements of the system.

a. Processor message and advisorv formats shall not require addi-
tional interpretation by the operator, such as table lookups and references
to documentation, with the exception of lengthv diagnos*ic procedures to be
followed by the operator following an abnormal condition.
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b. No computer program shall generate a message or advisory identical
to one generated by the 0S or by another program.

c. Off-line error messages shall contain as a minimum the following
information:

(1) Time error was detected.
(2) Textual description of error condition.
(3) Required operator action where applicable.

(4) Contents of instruction register and program counter at time
of error.

(5) TIdentification of triggering module.

(6) Computer program or system execution status following the
error.

—

On-line error
(1)7 (2), and

messages shall contain as a minimum the information in items
(3) above.

3.3.8.6 Program Coding Conventions. Software developed under this contract
shall conform to required coding conventions stated below.

a. Each line of source code shall contain no more than one statement.

b. Source code shall be clearly and conspicuously annotated to explain
all inputs, outputs, branches, and other items not implicit in the code
itself.

c. Names of operator commands, data entries, program components,
variables, procedures, and other software components shall be consistent
with those used in system design.

d. Code shall be written such that no code is modified during
execution.

3.3.8.7 Character Set Standards. Character sets shall conform to standards
in FIPS-1 Standard Code for Information Interchange, ANSI-X3.4-1968.

Note: Figure 1, Control Constructs
is maintained at ESD/TOIS

AV/478-2701
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The following comments represent opinions of this author, based on con-
siderations pertaining tc the suitability of the proposed sample for its intended
function as a part of the svstem specification. Technical merits of the
material, as such, are not addressed here, although it should perhaps be noted
that various vortions of the content have met with both some agreement and
some disagreement among technical reviewers.

Overall, only some portions of the requirements set forth in this sample
are truly appropriate to intended and actual functions of paragraph 3.3.8 in
the system specification. Roughly half of the material does illustrate a form
and type of material which is in accordance with accepted specification prac-
tices, while the other half appears to have been formulated for other purposes.
Further work is needed to ''separate the wheat from the chaff'’, and to better
reflect the svstem acquisition/contracting implications of requirements stated
in a system specification. More specifically:

a. Portions of the material which do constitute requirements suitable for this
paragraph are those specifving characteristics of the computer program
design and coding--i.e., as contained in subparagraphs: 3.3.8.1.1.2, Top
Down Design; 3.3.8.1.2, Programming Languages; and 3.3.8.1.3.2, Structured
Coding. When specified in 3.3.8, it must be assumed that the requirements
are intended to apply to all developmental CPCIs in all system segments:
otherwise, they should be specified in paragraph 3.7 or in the Tvve B5
(Part I) specifications for individual CPCIs.

b. The sample as a whole is at odds with the significant principles that

design and construction requirements should (1) be held to a minimum and
{2) make maximum use of references to existing standards. Its extensive
coverage and detail suggest that this sample is written more as a vehicle
for disseminating a variety of proposed general computer programming
standards than as a serious model of content for the system specification
as such. That impression stems somewhat from repeated appearance of the
phrase, "...under this contract" (3.3.8.1.1.2, 3.3.8.1.3.1, 3.3.8.6)--

a phrase which should be reserved for some other type of document--as well
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as from the questionable emphasis devoted to requirements in such areas as
the following:

(1)

(2)

(4

Paragraph 3.3.8.1.1.3, Top Down Implementation (TDI). These are
requirements for contractor internal procedures, not for CPCI design
and construction. As such, they represent a level of requirements
which should normallv be avoided altogether, in either specifications
or contract statements of work. Such procedures are best left for

the contractor to propose voluntarily, e.g., as a part of his computer
program development and/or quality assurance plans.

Paragraphs 3.3.8.1.3 through 3.3.8.1.3.1.3. These are requirements,
not for design and construction as such, but for contractor-deliverable
information about the design and construction. Such requirements have
no function in the system specification. They will vield the desired
results only if expressed specifically in each contract, in the CDRL,
and properly coordinated with backup instructions provided therein

for (a) delivery and content of the CPCI product specification (DI-E-
3120A) and (b) delivery of the CPCI itself (DI-E-30145).

Paragraphs 3.3.8.4 and 3.3.8.5. These are requirements, again not for
design and construction, but for system functional capabilities, which
should be determined for each system and spelled out elsewhere in the

bodv of the system specification--notably, in paragraph 3.2 and appro-
priate subparagraphs under 3.7.

Paragraph 3.3.8.6, Program Coding Conventions. This paragraph seems
to consist of a mixture of "afterthoughts':

e Subparagraph (b) is subject to the comment (2) above.
e Subparagraph (c) is a tautologv.
® Subparagraph (d): The phrase, ''...such that no code is modified

during execution' appears to be looselv worded; as written, it
covers coded data values as well as computer instructions.
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APPENDIX C. SAMPLE FUNCTIONAL FLOW BLOCK DIAGRAMS

This appendix provides a few examples of functional fliow block diagrams
(FFBDs), illustrating one prominent form of svstem engineering documentation
which should normally be contained, or referenced, in paragraph 3.1.4 of a

svstem specification.

The following figures, C-1 through C-6, are drawn from a system segment
specification prepared for the Data Svstems Modernization (DSM) Program,
reference 16. The complete set of FFBDs contained in that source consisted of
116 diagrams covering top-level through fourth- (and in some cases, fifth-}
levels, for twelve major functions. The samples reproduced here are selected
to illustrate: (a) the one, top-level FFED for the segment; and (b) one cach
of the first- through fourth-level diagrams.

Figure C-1 illustrates specific logic notations used in constructing these
FFBDs. General rules and format for the diagrams are based on instructions

contained in DI-S-3604.

NOTES:

a. Functions shown in parallel may interact, although interconnecting lines
are not provided to denote those interactions.

b. These diagrams show only the flow of functions/subfunctions required to
carry out the system mission. Associated narrative definitions, data
content, and performance requirements derived in the course of generating
the FFBDs are documented in other sections and paragraphs of the system

specification.

c. The diagrams reproduced here are selected to illustrate one vertical
"thread" within the total FFBD hierarchy--i.e., each lower-level diagram
expands one function shown in the preceding diagram. Arrows are added, in
these figures, to identify the successivelv-expanded functions.
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Figure C-1. Logic Notations.
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APPENDIX E. ABBREVIATIONS

Alr Force Communications Command

Air Force Designated Acquisition Program
Air Force Logistics Command

Alr Force Svstems Command

Air Force Regulation

Air Logistics Center

Alr Training Command

Configuration Control Board

Critical Design Review

Contract Data Requirements List
Configuration Item

Computer Program Configuration Item
Computer Program Development Plan

Computer Resources Integrated Support Plan

Determination and Findings
Department of Defense

Data Svstems Modernization
Deveiopment Test and Evaluation

Engineering Change Proposal
Electronic Svstems Division

Functional Flow Block Diagram
Headquarters lnited States Air Force
Interface Control Document

Mission Element Need Statement
NORAD Computer Prograrming Center

Phvsical Configuration Audit
Program Management Directive
Program Management Plan
Program Office

(ualitative and Quantitative Personnel Requirements
Information

Requirements Allocation Sheet

Request For Proposal

Software Acquisition Management
Specification Change Notice

Space Division

Svstem Design Review

Svstem Engineering Management Plan
Statement of Operational Need
Statement of Work

Svstem Requirements Review

To Be Determined
To Be Supplied
Test and Evaluation Master Plan

Work Breakdown Structure
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